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Durinea the past twenty years the British Museum has gradually acquired the fine 
collection of Reptilian skeletons obtained by the Messrs. Leeds, of Eyebury, from the 
Oxford Clay in the neighbourhood of Peterborough. Most of the specimens represent 
marine Reptiles of the Orders Ichthyopterygia, Sauropterygia, and Crocodilia; and 
the associated sets of bones have been extricated from the rock with so much skill 


and care that they afford an unique opportunity for acquiring a good general 


knowledge of the Reptilian fauna existing in the Upper Jurassic sea. Dr. Charles 


' W. Andrews has therefore been entrusted with the preparation of a Descriptive 


Catalogue of the collection, and it is hoped that his exhaustive work will form a 
useful basis‘for future researches in the same field. The separate bones of many of 
these reptiles have now been studied and described as thoroughly and satisfactorily as 
if they were from freshly-macerated skeletons; and it is only to be regretted that a 
considerable proportion of the specimens are too much distorted by crushing in the 
soft moist clay to allow of any exact measurements. The variations observed in the 
different individuals of some species are especially noteworthy ; and the growth-stages 
traceable in certain parts, such as the Elasmosaurian shoulder-girdle, are also of great 
interest. In accomplishing his task Dr. Andrews has been much assisted by Mr. Alfred 
N. Leeds, who made the greater part of the collection, and has given the Museum the 


benefit of his long experience. 


Part I. contains the account of the Ichthyosaurs and Plesiosaurs. Part II. 


will be devoted to the Pliosaurs and Crocodiles. 


A. SMITH WOODWARD. 


DEPARTMENT OF GEOLOGY, 
Brirish Mussum (Naturat Hisrory), 
13th July, 1910. 
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Nearzy all the remains of the marine Reptilia of the Oxford Clay enumerated and 
described in this Catalogue, were collected from the numerous clay-pits near Peter- 
borough worked for the making of bricks, an industry that is extensively carried on in 
that neighbourhood. <A few of the earlier specimens were discovered by Mr. Charles 
E. Leeds, M.A., but the greater part of the collection was made by his brother, Mr. Alfred 
N. Leeds, F.G.S., of Eyebury, who soon became associated with him. Itis more than 
forty years since the collection was begun by Mr. Charles E. Leeds, and some of his first 
discoveries were described and figured by Phillips in his ‘Geology of Oxford and the 
Valley of the Thames,’ published in 1871. He left for New Zealand in 1887, but 
his brother has continued the work to the present day with the most astonishing 
results. Both in the number of species represented and in the perfect preser- 
vation of their remains, the Leeds Collection far surpasses any other single collection of 
Mesozoic Vertebrates, especially one in which all the specimens are from one horizon 
and from a restricted area. Not only marine forms, but remains of terrestrial 
reptiles, including several species of Dinosaurs, have been obtained. 

In nearly all cases the specimens have been collected with extreme care, usually by 
Mr. Leeds himself, the bones of the different parts of the skeleton being numbered 
and packed in separate parcels. Frequently, portions of the skeleton, such as the 
skull or limb-girdles, can only be extricated from the clay in fragments, but these 
have been reunited with the greatest skill and patience by Mr. Leeds. The 
consequence of this care is that, in the case of some of the more nearly complete and 


uncrushed skeletons, it has been possible to mount the bones in their natura] relations 
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as easily as if they had been obtained by the maceration of a fresh carcass. A notable 
instance of this is the fine skeleton (R. 2860) of Cryptocletdus oxoniensis, which is 
figured on the Frontispiece and forms the basis of the restoration given in text-figure 94 
on page 188. In this case, as in many others, the bones, which all belong to a single 
individual, are uncrushed and undistorted. Often, however, the skeletons have been 
subjected to great pressure, and have thus been extensively fractured and deformed. 
Unfortunately the skulls are especially liable to injury, and therefore any. specimens 
approaching completeness are very rare. Occasionally the whole skeleton or portions 
of it are embedded in an intensely hard pyritous clay, and when this is the case all 
attempts at clearing away the matrix are usually hopeless. . Another cause of the 
imperfection of many of the skeletons seems to have been the dismemberment of the 
carcasses by carnivorous reptiles, probably some of the Crocodiles and Pliosaurs whose 
remains are also common in the Oxford Clay. Bones are often found scored across 
by deep grooves, obviously cut by sharply pointed teeth. Moreover, the curious 
manner in which whole sections of the skeleton, as, for example, a limb, are sometimes 
wanting in otherwise nearly complete specimens, or, on the other hand, the occurrence 
of isolated paddles and other parts of the skeleton, seems to show that the dismember- 
ment occurred while the bones were still united by the soft tissues. A notable instance 
of this incompleteness is seen in the case of the portions of the skeleton of the giant 
Dinosaur, Cetiosaurus leedsi, described and figured by Dr. A. 8. Woodward (Proc. Zool. 
Soc. 1905). In this specimen, the skull, the whole of the vertebral column in front of 
the sacral region, the left fore limb and the right hind limb, as well as the ischia and 
pubes, are wanting, while the left hind limb is almost complete, even to the phalanges, 
also the right fore limb except the manus; the vertebral column of the tail, again, 
is represented by two series of successive and complete vertebre, an anterior series of 
about 27, and a posterior one of 10, while the intervening portion is entirely absent. 
Although careful search and extensive excavations have been made, none of the missing 
parts have been found, and such absence of whole sections of the body seems to be 
best explained by supposing the carcass to have been dismembered while the bones 
were still united. 

The horizon at which these reptilian bones occur is that characterised by the 


b 


presence of the ‘“ Ornatus” group of Ammonites, one of the species most 


commonly found in actual association with the bones being Cosmoceras gulielmii, 
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J. Sowerby (= Ammonites jason, Reinecke, sp., fide Oppel). Many other species of 
Cephalopods have been collected in the beds by Mr. Thurlow Leeds and others, the 
most important being Cardioceras lamberti, C. serratum, Cosmoceras spinosum 
C. duncani, C. ornatum, Peltoceras athleta, P. williamsoni, var., Aspidoceras per- 
armatum, Quenstedtoceras marie, and Belemnites oweni. 

The horizon at which these forms occur is described by English stratigraphers as 
the Lower Oxford Clay *. By continental geologists strata of the same age would be 
called Upper, or Middle and Upper Callovian, but, as Mr. H. B. Woodward has 
remarked in the memoir referred to below, “This seems a quite unwarranted stretching 
of a formation to suit local stratigraphy and in defiance of its original significance.” 
Accordingly the horizon in which the reptilian remains are found is here called the 
Lower Oxford Clay (Middle Oxfordian). The general succession of the beds of this 
~ age in Northamptonshire has been described by Prof. J. W. Judd { under divisions b-e 


as follows :— 


(fy Zone of Ammonites cordatus. 


(e) Clays with Ammonites of the group of the Ornati. 
Dark blue clays with nodules of pyrites and numerous pyritic Ammonites, including 
A. ornatus, A. duncani, A. bakerie, and A. athleta, and also Waldheimia 
impressa, 
Dug in brickyards akout Whittlesey, at Thorney, and Eye Green. 
(d) Clays with Belemnites hastatus. 
Blue clays with many fossils found in Division ¢, but characterised by the 
abundance of B. hastatus. 
Dug at Werrington, Ramsey, and Eyebury. 


(c) Clays with Belemnites oweni. 

Dark blue clays and shales with B. oweni, often of gigantic size. Gryphaa dilatata 
occurs, but is more plentiful in the beds above. Saurians and fishes occur, and 
masses of lignite, sometimes converted into jet, are found. 

Exposed in brickyards at Stand ground, Fletton, and Woodstone, near Peterborough, 
and at Connington, Luddington, and Great Gidding. 


(b) Clays with Nucula. 
Laminated blue shales with compressed Ammonites and Nucula nuda. 
Dug at Haddon, Holme, south of Peterborough, and at Hyebury to the north-east. 


(a) Zone of Ammonites calloviensis. 








* See ‘ Memoirs of Geol. Survey of the United Kingdom—The Jurassic Rocks of Britain,’ vol. v. “The 
Middle and Upper Oolitic Rocks of England,” by H. B. Woodward (1895) p. 8. 
t+ Tom. cit. p. 9. t ‘Geology of Rutland’ (1875) p. 232. 
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There seems to be a little uncertainty as to the conditions under which these beds 
were deposited. They are usually supposed to have been laid down in fairly deep 
water, but the presence of remains of land-reptiles, and perhaps the occurrence of 
large masses of lignite, may indicate that the coast was not far off. Probably they 
were mud-banks accumulating off the mouth of a large stream. 


In the Collection at the British Museum (Nat. Hist.) there are remains of the 


following Vertebrates collected from the series of clays just enumerated :— 
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Cetiosaurus leedsi, Hulke, sp. 
Omosaurus durobrivensis, Hulke. 
A large Stegosaurian. 
Camptosaurus leedsi, Lydekker. 
Sarcolestes leedsi, Lydekker. 
Rhamphorhynchus sp. 
Ophthalmosaurus icenicus, Seeley. 
Murenosaurus leedsi, Seeley. 


aa durobrivensis, Lydekker. 
a platyclis, Seeley. 

Picrocleidus beloclis, Seeley, sp. 
seep: 





Triclerdus seeleyi, Andrews. 
Cryptocleidus vxoniensis, Phillips, sp. 


It is possible that the number of species 
material is examined later in detail. It is 


trace of any Chelonian has been found. 


Pliosaurus ferox, Sauvage, sp. 

Simolestes vorax, Andrews. 

Peloneustes philarchus, Seeley. 

Metriorhynchus superciliosus, Deslongchamps. 
nA brachyrhynchus, Deslongchamps. 
3 sp. 

Suchodus durobrivensis, Lydekker. 

Dacosaurus sp. 

Steneosaurus edwardsi, Deslongchamps. 


br leedsi, Andrews. 

“4 nasutus, Andrews. 

*. durobrivensis, Andrews. 
obtusidens, Andrews. 


of Crocodiles may be increased when the 


a very remarkable circumstance that no 


PISCES. 


Hybodus obtusus, Agassiz. 
Asteracanthus ornatissimus, Agassiz, var. 
flettonensis, A. S. Woodward. 

Pachymylus leedsi, A. 8S. Woodward. 
Brachymylus altidens, A. 8. Woodward. 
Ischyodus egertoni, Buckland, sp. 

4s heaumonti, Egerton. 
Lepidotus leedsi, A. 8S. Woodward. 

"4 latifrons, A. 8. Woodward. 


55 macrocheirus, Egerton. 





Heterostrophus sp. 
Mesturus leedsi, A. 8. Woodward. 
Caturus sp. 1. 

eeaDs eo . 
Osteorachis leedsi, A. 8. Woodward. 
Eurycormus egertoni, Egerton, sp. 
Hypsocormus leedsi, A. 8. Woodward. 

‘i tenuirostris, A. S. Woodward. 

Leedsia problematica, A. S. Woodward, 
Pholidophorus sp. 
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Most of the fish-remains are important as exhibiting osteological characters which 
cannot be seen so satisfactorily in crushed specimens preserved in hard rock. 

In this volume only the Ichthyosaurs and the Elasmosaurian Plesiosaurs are dealt 
with, the Pliosaurs and Crocodiles being reserved for the second volume. 

The Ichthyosaurs are represented by one genus, Ophthalmosaurus, of which only a 
single species, O. icenicus, Seeley, is here recognised, though the variability of the 
skeleton is so great that some might be inclined to consider several species to be 
present. It has, however, been found, from the examination of a very large number of 
more or less nearly complete skeletons, that the different forms pass into one another, 
so that no line between this and that can be drawn. Many of the apparent differences 
are due to the different extent to which ossification has proceeded in individuals of 
various ages, and others arise from the differing conditions of preservation (presence or 
absence of compression, c.). 

Ophthalnosaurus, which is here regarded as congeneric with Baptanodon * from 
contemporary or approximately contemporary deposits of the United States, seems 
in many respects to represent the most highly specialised type of Ichthyosaurian 
as yet known. It first appears in the Oxford Clay, and it is by no means certain 
that the genus survived even in the period of the Kimmeridge Clay, although possibly 
the so-called [chthyosaurus entheciodon, in which the teeth are very small, may be a 
related form. 

It is true that a small species of Ichthyosaur from the Cambridge Greensand has 
also been referred to the same genus under the name Ophthalmosaurus cantabrigiensis 
by Mr. Lydekker, but very little is known of this animal and the presence of facets for 
three bones on the distal end of the humerus does not seem sufficient evidence, since 
this character is not confined to Ophthalmosaurus. A portion of a lower jaw from the 
Upper Greensand of Warminster has also been referred to this genus on account 
of the small size of the teeth, but in this case also the evidence seems insufliicient. 
It is certain that the Cretaceous Ichthyosaurs that are at all well known are not 
related to Ophthalmosaurus, this being shown by the great development of the teeth 
(in I. campylodon, Carter, from the Gault and later) or by the structure of the paddles 
(in I. platydactylus, Broili, from the Lower Greensand of Hanover). 


* For an exhaustive account of the American species, see C. W. Gilmore, ‘* Osteology of Baptanodon,” 
‘Memoirs of the Carnegie Museum,’ vol, ii. (1905) p. 77. 


b 


x MARINE REPTILES OF THE OXFORD CLAY. 


The Ichthyosaurs form a singularly homogeneous group, the earliest known forms 
being already highly specialised for aquatic life, though some traces of a terrestrial 
ancestry are retained. ‘The first known member of the order is from the lower beds 
of the Muschelkalk (Middle Trias) of Germany and Switzerland: this was first 
described by Quenstedt * under the name Jchthyosaurus atavus, and it has since been 
discussed in detail by Fraasf and Merriam} under the name Mixosaurus atavus. 
Other remains of Ichthyosaurs from the Middle and Upper beds of the Muschelkalk 
have been found in various European localities, but they are mostly fragmentary. From 
the Upper Trias of Northern Italy (the Bituminous shales of Besano, in Lombardy) 
excellently-preserved Ichthyosaurian skeletons are known and have been described 
by Bassani § under the name J. cornalianus. Baur || subsequently pointed out that this 
species was more primitive than the later forms in several respects, and proposed to 
place it in a separate genus Mivosaurus. The more important of the characters 
that seem to point to a terrestrial ancestry are, first, the elongation of the epipodial 
bones (radius and ulna, tibia and fibula) and their contraction in the middle to form 
more or less of a shaft; and, second, the differentiation of the teeth, those in the 
maxillary region being stout and blunt, those in the front of the jaws sharp and 
conical. In the later forms the epipodials are shortened up and show little or no trace 
of ever having possessed a shaft, and the teeth are sharp, conical, and numerous, the 
evolution of the Ichthyosaurs in this last respect, as in some others, showing an 
interesting case of parallelism with that of the Toothed Whales. <A more detailed 
account of these Italian Ichthyosaurs has been given by Repossi Y] and by Merriam 
(op. cit.) Remains of ‘Triassic Ichthyosaurs are by no means confined to Europe: 


numerous forms have been described from Spitzbergen and the United States, and one 


* 


TI’, A. Quenstedt, ‘ Petrefaktenkunde,’ 1st ed. (1852) p. 129. 
E. Fraas, ‘ Die Ichthyosaurier der Siiddeutschen Trias- und Jura-Ablagerungen ’ (1891) p. 37. 


fay 


J. C. Merriam, “ Triassic Ichthyosauria, with Special Reference to the American Forms,” Mem. 
University of California, vol. i. no. 1 (1908) p. 90. 

§ F. Bassani, “Sul fossili e sull’ eta degli Schisti bituminosi triasici di Besano,” Atti Soc. Ital. Sci. Nat. 
vo]. 29 (1586) p. 20. 

|| G. Baur, ‘* Ueber den Ursprung der Extremitiiten der Ichthyopterygia,” Berichte ueber der XX. Versam. 
des Oberrh. geol. Ver. vol. xx. (1887). 

§| F. Repossi, “ I] Mixosauro degli strati triasici di Besano in Lombardia,” Atti Soe. Ital. Sci. vol. 41 (1902) 
p. 361, 
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species * probably of this age is known from New Zealand, showing that very early in 
its history the group had become cosmopolitan. ‘Triassic Ichthyosaurs from Spitz- 
bergen were first described by Hulke f in 1873 under the names Ichthyosaurus 
nordenskioldi and I. polaris; these species have since been referred by Dames { to 
Mixosaurus and by Yakolew § and Merriam || to the American genera Cymbospondylus 
and Shastasaurus. Ina paper lately published Wiman § describes a quantity of new 
material, and finds that while J. nordenskioldi is referable to Mixosaurus, I. polaris is 
to be placed in a distinct genus, Pessosaurus. At the same time he describes a new 
genus, Pessopteryx, including several species. In Wiman’s paper (p. 131, fig. 3) there 
is an interesting restoration of MWtxosaurus, showing the form of the tail-fin, which in 
many of these early forms was supported by elongated neural spines, and in some cases 
chevrons, while the sharp deflexion of the posterior part of the tail found in later 
forms was only slightly indicated. 

The most important series of Triassic Ichthyosaurs is from the United States, where 
remains referred to several genera have been described in detail by Merriam **. These 
are from the Middle Trias of Nevada and the Upper Trias of California. The principal 
genera are Cymbospondylus, Toretocnemus, Merriamia t+, Delphinosaurus, Shastasaurus, 
several species of some of these genera being known. Merriam has elaborately 
tabulated the characters distinguishing these Triassic Ichthyosaurs from the recent 
types. Some of the more important differences between the. Triassic forms and 
Ophthalmosaurus are shown in the following table :— 

* J. Hector, “‘ On the Fossil Reptilia of New Zealand,” Trans. New Zealand Inst. vol. 6 (1874) p. 355. 

+ J. W. Hulke, ‘ Memorandum on some Fossil Vertebrate Remains collected by the Swedish Expeditions 
to Spitzbergen in 1864 and 1868,” Bihang k. Svensk. Vet.-Akad. Hand]. vol. i. (1873) no. 9. 

+ W. Dames, “ Die Ichthyopterygier der Triasformation,” Sitzb. Akad. Wiss. Berlin, 1895, p. 1045. 

§ N. Yakolew, “Neue Funde von Trias-Sauriern auf Spitzbergen,” Verh. Russ.-Kais. Min. Gesell. 
St. Petersb. ser. 2, vol. 40 (1902) p. 179. 

| J. C. Merriam, “ Triassic Ichthyosauria,” Mem. Univ. California, vol. i. no. 1 (1908). 

4 ©. Wiman, “ Ichthyosaurier aus der Trias Spitzbergens,” Bull. Geol. Inst. Upsala, vol. x. (1910) 
p. 124. 

** J.C. Merriam, “ Triassic Ichthyosauria, with Special Reference to the American Forms,” Mem. Univ. 
California, vol. i. no. 1(1908). This memoir contains a very exhaustive account up to the date of its publi- 
cation of all the known Triassic Ichthyosauria. ‘The only important paper on the subject published since, 
is that by Wiman referred to above. 

++ The name Merriamia was substituted for the preoccupied Leptocheirus by Boulenger (Proc. Zool. Soc. 
vol. i. (1904) p. 425). On page 3 of the present volume Leptochetrus is employed, the correction not having 


been made when this part was printed. 
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Triassic Ichthyosauria. 


1. The orbits are relatively small and the tem- 
poral bar behind them broad. 


ho 


The maxilla relatively large and the pre- 
maxilla correspondingly smaller. 

3. Teeth set in distinct sockets and those in the 

posterior part of the jaws often differing 

in form from those in front. 


4, The anterior cervical vertebrae separate from 
one another. 

5. The neural spines thick and sometimes 
circular in section. 

6. The zygapophyses of opposite sides separate 
from one another. 


~] 


. The terminal portion of the caudal series 
of vertebra only slightly bent down, the 
caudal fin being comparatively small and 
in some cases supported by the elongated 
neural spines (and sometimes chevrons). 


OH 


. Hind limbs larger in proportion to the fore 
limbs than in the later forms, the reduction 
of the hind limb, however, already making 
considerable progress in some species, 
e. g. Mixosaurus nordenskioldi. 

9. The epipodial bones elongated, with traces 

of a shaft. 

10. The pelvic bones heavy, the ischium and 

pubis expanded and never fused with one 

another. 








Ophthalmosaurus. 


1. The orbits very large and the temporal bar 
behind them greatly reduced in width. 
. The maxilla small and edentulous and the 


bo 


premaxilla relatively very large. 

3. The teeth, when present, small and loosely 
fixed in a continuous groove, the anterior 
and posterior teeth of the same form (as 
in Jurassic Ichthyosaurs which possess 
maxillary teeth). 

4, The two anterior cervical centra (atlas and 
axis) fused with one another. 

5. The neural spines broad and strongly com- 
pressed laterally. 

6. The zygapophyses of opposite sides, in most 
of the vertebra, in the same plane and 
united in the middle line. 

7. The terminal portion of the caudal region of 
the vertebral column sharply bent down, 
and, notwithstanding its large size, the 
caudal fin not supported by the neural 
spines or chevrons, which are much 
reduced, 

8. Fore limbs much larger than the hind limbs. 


9. The epipodial bones shortened, with no trace 
of a shaft. 

10. Pelvic bones small, the ischium and pubis 
fused with one another at both ends. 


In the Jurassic Ichthyosaurs other than Ophthalmosaurus, the differences from the 


‘Triassic types above enumerated are, of course, nearly equally well marked; but those 


numbered 1, 2, 8, and 10 are especially well illustrated by the Oxford Clay type. 


As to the origin of Ophthalmosaurus there is no certainty, but probably it was 


derived from one of the “latipinnate” group of Ichthyosaurs. 


There is nothing in 


the structure of the skull that is opposed to this suggestion, and the arrangement of 


the bones in the paddles seems rather to support it. It is unfortunate that no 


specimens of the paddles have been collected with the bones in an undisturbed 
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condition, but so far as the fore paddle is concerned it is believed that the specimen 
figured on PI. II. fig. 6 represents as nearly as possible the actual arrangement of the 
bones, every piece having been carefully numbered and a sketch-plan of their 
arrangement having been made before their removal from the matrix. The circumstance 
that the ossicles do not fit together in a close pavement, as in the paddles of 
Ichthyosaurus, but were surrounded by a considerable amount of cartilage, adds to the 
uncertainty as to the precise arrangement. It can be seen that the intermedium 
supported two digits, as in the typical latipinnate forms (e. g., Jchthyosaurus communis, 
I. intermedius); but the paddle differs from those of the earlier forms owing to the 
fact that its width has been still further increased by the great enlargement of the 
pisiform, which has acquired an articulation with the distal end of the humerus, in 
some cases almost as large as that possessed by the radius; the row of ossicles 
supported by the pisiform become enlarged and form a well-developed digit; a 
preaxial row of small sesamoid ossicles may also be present. There are traces of the 
widening» of the paddle by the increased size of the pisiform and its digit even in 
the Triassic Mirosaurus, and probably some early Jurassic descendant of that genus 
is the ancestor of Ophthalmosaurus, though at present no species is known to which 
that position can be definitely assigned. ‘here seems to be no reason for the 
suggestion that Ophthalmosaurus is descended from Shastasaurus, for in that Triassic 
genus the digits have already undergone much reduction, ‘there being probably, 
according to Merriam, only two large digits and one reduced digit in the manus. In 
the later forms of Jchthyosaurus the broadening of the fore paddle which occurs in 
Ophthalmosaurus may be effected in other ways; thus in IJchthyosaurus extremus, 
described by Boulenger * from an unknown locality and horizon, but now known to be 
almost certainly of Kimmeridgian age, the intermedium is thrust between the radius 
and ulna, and articulates with the humerus by a well-marked facet, so that that bone 
comes to resemble closely the humerus of Ophthalmosaurus, and if found isolated 
might be mistaken for it. The width of the paddle in this case is also added to by 
the presence of a row of sesamoid ossicles on both the preaxial and postaxial borders. 
Another method of widening is found in J/chthyosaurus platydactylus, described by 


Broilif from the Cretaceous (Aptian) of Hanover; in this species, although it is 


* Proc. Zool. Soc. vol. i. (1904) p. 424. 
_  ‘Palewontographica,’ yol. 54 (1907-8) p. 139, pls. xii. & xiii. 
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clearly a member of the longipinnate group, the fore paddle attains great width 
through the addition of at least two rows of supplementary ossicles on the radial side 
and one on the ulnar side. : 

Ophthalmosaurus, with its powerful tail-fin, pointed head, and porpoise-like body, 
must have been a very swift and powerful swimmer, even for an Ichthyosaur, and 
probably lived in the open sea like most of the Toothed Whales of to-day ; like them, 
too, it was no doubt capable of diving and swimming at considerable depths, the 
structure of the auditory apparatus, in the opinion of Dollo*, being specially adapted 
for use under great pressures such as the animal would be subjected to at some 
distance beneath the surface. Although in its mode of life Ophthalmosaurus probably 
did not differ greatly from other members of the order, the reduction of the dentition 
indicates that its food probably differed from theirs, though of its nature nothing is 
known. 

All the Plesiosaurs described in the present volume are members of the Family 
Elasmosauridie, characterised especially by the structure of the shoulder-girdle, in 
which, in the adult, the scapule meet in a median symphysis, which is continuous 
posteriorly with the symphysis of the coracoids. The ingrowth of the scapule 
towards the middle line takes place beneath the clavicular arch, which thus comes to 
lie on the visceral surface of the ventral rami of the scapule, which usurp its functions, 
The consequence of this is, that the clavicles and interclavicles undergo reduction in 
varying ways. In some genera all the elements of the clavicular arch persist in a 
reduced form, in others the clavicles or interclavicle may dwindle away to mere 
vestiges. ‘These varied conditions of the clavicular arch supply some of the chief 
characters employed in defining the different genera. If Professor Seeley’s ¢ restoration 
of the shoulder-girdle of Lretmosaurus rugosus be correct, it would appear that the 
arrangement of the coracoids and scapule found in the Elasmosauride had already 
come into existence in the period of the Lower Lias; and, at any rate, it seems 
certain that it had done so in the Upper Lias, for Mr. D. M. 8. Watson ¢ has lately 
described from beds of that age at Whitby, a shoulder-girdle of Plesiosaurus homalo- 


spondylus (referred by him to a new genus Microcleidus), in which the form and 


* L. Dollo, “ L’audition chez les Ichthyosauriens,” Bull. Soc. Belge Géol. ete. vol. xxi. (1907) p. 157. 
+ Quart. Journ. Geol. Soc. vol. xxx. (1874) p. 445. 


¢~ Mem. & Proc. Manchester Lit. & Phil. Soe. vol. liv. (1909-10) no. 4, p. 4. 
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arrangement of all the elements are almost exactly as in Cryptocleidus. It should, 
however, be noted that neither Hretmosaurus rugosus nor Microcleidus homalospondylus 
fall within the limits of the family Elasmosauridie, because their cervical ribs are 
double-headed, a condition not found in the true Elasmosaurs. 

The genus Hlasmosaurus itself was founded by Cope * for the reception of several 
species of Plesiosaurians from various Cretaceous deposits in Kansas and Nebraska. 
The type species was described by Cope from an imperfect skeleton, consisting of the 
greater part of the vertebral column and the imperfect limb-girdles, the pectoral 
girdle showing the peculiar structure which has been regarded as of sufficient importance 
to justify the establishment of a distinct family for the reception of the genera in 
which it occurs. One peculiarity of H/asmosaurus proper is the enormous length of 
the neck, which consists of no less than 76 vertebre ; in Murenosaurus, the English 
genus in which the neck is longest, there are only 44 cervical vertebre. 

Of the’ numerous other genera of American Plesiosaurs many are very imperfectly 
known: some almost certainly belong to this family (e. g., Cimoliosaurus, in which 
the shoulder-girdle is not yet known). In the genera such as Dolichorhyncops 
and Brachauchenius, which have been described in detail by Williston, the 
shoulder-girdle is not Elasmosaurian; these animals seem to approach rather the 
Pliosaurian type, though they differ from the typical Pliosauride in possessing 
single-headed cervical ribs, aud in some respects the structure of the skull seems 
to be very different. 

In their habits the Piesiosaurs probably differed widely from the Ichthyosaurs, 
In the first place, their mode of swimming was quite different, propulsion through 
the water being effected entirely, or almost entirely, by the oar-like paddles, the 
tail being short and, so far as is known, possessing no fin, or at most a very small 
one. ‘This manner of swimming and the great length of the neck are characters 
preventing the supposition that these animals moved at a great pace beneath the 
water, and it is much more likely that they lived mainly at the surface and 


at no great distance from the shore. The shorter-necked Pliosaurs are more 

* Proce. Acad. Nat. Sci. Philadelphia, 1868, p. 68. 

+ «North-American Plesiosaurs, Pt. 1.,” Field Columbian Museum—Geology, vol. ii. no. 1 (1903); “ North- 
American Plesiosaurs: Elasmosaurus, Cimoliosaurus, and Polycotylus,” Amer. Journ. Sci. [4] vol. xxi. 
(1906) p. 221; “ The Skull of Brachauchentus, &e.,” Proc. United States Nat. Mus. vol. xxxii, (1907) 
putTin * North-American Plesiosaurs: Z'rinacromerum,” Journ, Geol. vol. xvi. (1908) p. 715. 


XV1 MARINE REPTILES OF THE OXFORD CLAY. 


adapted for a pelagic life, but still to a much smaller degree than the whale-like 
Ophthalmosaurus. | 

If these animals, as we suppose, lived near the shore, the conditions of life 
would be much more various than in the case of a truly pelagic animal, and 
this would probably account for the much greater variety of form found among 
them than among the Jchthyosanrs. One of the most remarkable circumstances 
about these Oxford Clay reptiles is the occurrence in a limited area of so large 
a number of closely related species and genera, in the case both of the Plesiosaurs 
and of the Crocodiles. This can be reasonably accounted for by supposing that 
the conditions under which the different forms lived presented considerable 
variety, some, for instance, living in shallow, some in deeper water, some perhaps 
in swamps, and some in rivers or river-estuaries. For the same reasons, although the 
Ichthyosaurs Ophthalmosaurus and Baptanodon are generically identical, it by no 
means follows that the American Plesiosaurs contemporary with them will, when 
better known, be found to be closely similar to the English species. 

Although in the Cretaceous period the Plesiosauria had spread over the whole 
world, being known not only from Europe and North America but also from 
Asia, South America, South Africa (a species discovered lately), Australia, and 
New Zealand, it is not certain how far the Elasmosauride spread, for in most 
eases too little is known about the skeleton of these foreign species to make it 
possible to determine to what family they belong. 

The Plesiosaurs were no doubt predaceous, their long sharp teeth being well 
adapted for the prehension of living prey, which would probably be swallowed 
whole. ‘The occurrence of ‘numerous stones in the stomach of these animals, first 
observed by Mr. Thomas Codrington * in a Plesiosaur from the Upper Greensand 
of Wiltshire, and sinee noticed in the case of various English and American 
species, may indicate that the food was broken up in a muscular stomach by 
the aid of these stones, much as in the gizzard of a bird. No specimen of an 
Elasmosaur in which the stomach-stones are preserved has been collected from 
the Oxford Clay, but in the case of a Pliosaur, Peloneustes, Mr. Leeds has obtained 


a hard mass lying within the ribs, containing many stones of various sizes, from 


* ¢ Wiltshire Archeological Magazine,’ yol, ix. (1863) p. 170. 
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that of a small hen’s egg downwards, and no doubt representing the fossilized 
contents of the stomach. The stones are of various kinds, including quartz, 
sandstone, and gneiss ; for the most part they are rather angular with the angles 
somewhat rounded off. The mass in which the stones are embedded consists 
mainly of angular grains of quartz-sand of various sizes, and mingled with these 
are numerous hooks from the arms of Cuttle-fishes, with black masses which 
show the characteristic structure of portions of the ink-bags of the same creatures. 
It is notable that the stomach does not seem to contain any of the hard ‘“ guards” 
of the Belemnite shell, so that probably the animal either bit off the soft anterior 
portion of its prey or perhaps, as Mr. Crick has suggested, fed on some such form 
as Geoteuthis, in which the hard parts were not present. 

Although no doubt both the long-necked Elasmosaurs and the short-necked 
“Pliosaurs could catch their prey on the surface, the former probably fed largely 
on animals living at the bottom, reaching down with their long necks much as 
do swans. ~At least, this manner of feeding would account for the tendency te 
increase the length of the neck in this group, for such increase would be of 
considerable advantage to the animals in widening their radius of action in the 
search for food. The longest-necked Plesiosaur at present known is Hlasmosaurus 
itself, from the Cretaceous of Kansas: in this reptile, as already noted, there were 
no less than 76 cervical vertebre, the total length of the’ neck being about 
twenty-three feet, while the body was only about nine feet long. Some such 
explanation as that suggested above seems necessary to account for the otherwise 
apparently disproportionate development of this part of the body. ‘The comparative 
lack of flexibility of the neck, especially of the posterior portion, in some of these 
reptiles would not be any disadvantage, because the whole body would probably 
be tilted up much as it is in the case of birds feeding in a similar way. 

Any discussion as to the relationship of -the Sauropterygia to the other reptiles is 


deferred till the Pliosaurs have been described. 


CHARLES W. ANDREWS. 
Department of Geology, 


July 1910, 
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A DESCRIPTIVE CATALOGUE 
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THE OXFORD. CLAY. 


Orderei GH HY OP TERY GIA; 


CARNIVOROUS marine reptiles with a cetacean-like body and no visible neck ; a dorsal 
fin without skeletal supports, and a large vertical caudal fin, of which the lower lobe 
is strengthened by the downwardly-turned end of the vertebral column. A plastron of 
ventral ribs present, but no dermal armour. 

Skull large, with a more or less elongated rostrum composed mainly of the pre- 
maxille, External nares a little in front of the very large orbits, in which there is 
always a ring of ossified sclerotic plates. A large parietal foramen. Supratemporal 
fossa large, post-temporal fossa small, and lateral temporal fossa absent; a vacuity 
enclosed between the quadrate and quadrato-jugal. Postorbital and postfrontal bones 
distinct ; lachrymal and prefrontal also distinct. Quadrate immovable, being closely 
united below with the pterygoid, above with the squamosal and supratemporal, which 
remain separate. In the otic region, pro-otic and opisthotic elements distinct; stapes 
(where known) short and stout, extending from basioccipital to quadrate. In the palate, 
pterygoids extending forwards to meet the vomers and excluding the palatines from 
the middle line; an epipterygoid (columella cranii) present; a large parasphenoid 
extending forwards between the pterygoids; apparently no transverse bone. ‘Teeth 
simply conical, usually with a vertical Labyrinthodont-like folding of their walls; 
restricted to the edge of the jaws; heterodont and set in distinct sockets in some 
early genera (e. g. Mixosaurus) ; homodont and set in continuous dental grooves in the 
typical and later genera. 


2 MARINE REPTILES OF THE OXFORD CLAY. 


Vertebral centra amphiccelous and usually very short. A varying number of the 
anterior ribs with a double articulation with the vertebra. No sacrum. : 

In the shoulder-girdle, distinct clavicles and an interclavicle, which is usually 
T-shaped (triangular in Leptocheirus, Merriam*). Pelvis, at least in the later forms, 
much reduced, and the ilium not united with the vertebral column. Limbs modified 
to form paddles, and the fore limb, as a rule, considerably the larger (not in the Triassic 
genus Toretocnemus, Merriam); digits varying in number from three to six and 
consisting of numerous phalanges. 

Range from ‘Trias to Lower Chalk. 


Family OPHTHALMOSAURID. 


Specialised Ichthyosaurs in which the orbit is extremely large and the dentition 
reduced in the adult to a number of small teeth, which are loosely set in the anterior 
half of the jaws only. ‘The humerus articulates distally with three bones, and the 
fore paddle is much larger than the posterior, which is greatly reduced; the pubes and 
ischium are fused together. 

Middle and Upper Jurassic of Europe and North America, with doubtful repre- 
sentatives in the Upper Greensand of England. 


Genus OPHTHALMOSAURUWS, Seeley. 
[ Quart. Journ. Geol. Soc. vol. xxx. (1874) p. 699.] 


1879. Sauranodon, O. C. Marsh, Amer. Journ. Sci. [3] vol. xvii. p. 85. (Name previously 
employed by Jourdan for a Rhynchocephalian f.) 

1880. Baptanodon, O. C. Marsh, Amer. Joura. Sci. [3] vol. xix. p. 491. 

1902. Microdontosaurus, C. W. Gilmore, Science, n. s. vol. xvi. p. 914. 

Orbit very large ; teeth small, confined to the anterior half of the jaws, at least in 
the adult. Clavicles uniting in a complex suture (sometimes fused) and embracing 
the anterior bar of the interclavicle; coracoid normally without posterior notch. 
Humerus with strong trochanteric ridge and articulating distally with three elements. 
Pelvis greatly reduced ; ischium and pubis normally fused with one another at the 
ends and enclosing between them a small foramen. Hind limb very small, femur 
articulating distally with two elements only. 

Middle and Upper Jurassic. 

This genus was established (loc. cit. supra) in 1874 by Prof. H. G. Seeley for the 


* « New Ichthyosauria from the Upper Triassic of California,” Bull. Geol. Dept. Univ. California, vol. iii. 
(1903) p. 253. 

+ Tom. cit. p. 259. 

+ Quoted by Gervais in Comptes Rendus Ac. Sci. Paris, vol. Ixxiii. (1871) p. 605, from Jourdan’s MS, 
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reception of the species O. icenicus. The type specimen was a shoulder-girdle from the 
Oxford Clay of Peterborough : with this there were also associated other parts of the 
skeleton of the same individual, including portions of the skull, mandible, numerous 
vertebre, portions of ribs and neural arches, and some paddle-bones (see Catalogue, p. 63, 
R. 2133). The feature regarded as specially characterising the genus was the union 
of the clavicles by suture in the middle line so as closely to embrace the anterior bar of 
the interclavicle. In the same paper a fore limb of another individual was described 
and its chief peculiarity, viz. the articulation of the distal end of the humerus with 
three elements, pointed ont. It is unfortunate that the type shoulder-girdle is greatly 
diseased and deformed, the right coracoid being an almost shapeless mass of bone, 
while the left has a deep posterior notch which is entirely wanting in all normal 
specimens. ‘The structure of the shoulder-girdle was further discussed by Prof. Seeley 
in his paper “ Further Observations on the Shoulder-Girdle and Clavicular Arch in the 
Ichthyosauria and Sauropterygia” *. Additional information concerning the genus has 
been given by Lydekker +, A. S. Woodward {, and Bauer §. The last-mentioned 
writer has described the occipital and otic regions of the skull from material in the 
collection now under discussion, but, as will be shown below, his account of the 
arrangement of the otic elements is not quite accurate. 

The Ichthyosaur from the Upper Jurassic beds of the United States, originally 
described by Marsh under the name Sawranodon ||, afterwards emended to Baptanodon 4, 
has lately been the subject of several important papers by Knight **, and especially by 
Gilmore. Knight describes an imperfect skeleton and gives a number of reasons for 
regarding Baptanodon as distinct from Ophthalmosaurus, with which several writers 
have considered it as identical. Gilmore first recorded the occurrence of teeth in 
Baptanodon tf, but in his first note he referred the specimen in which teeth were 
observed to a new genus Microdontosaurus, a name subsequently withdrawn. He 
has lately published the most detailed account {f of the skeleton of this form that 
has yet appeared, and while pointing out that many of the differences between 
Baptanodon and Ophthalmosaurus referred to by Knight, do not really exist, and 
were partly the consequence of the bad state of preservation of the specimens 


* Proc. Roy. Soc. vol. liv. (1893) p. 149. 

tT Catal. Foss. Rept. Brit. Mus. pt. ii. (1889) p. 8; also pt. iv. (1890) p. 268. 

t ‘Vertebrate Paleontology ’ (1898) p. 183. 

§ “ Osteologische Notizen iiber Ichthyosaurier,” Anat. Anzeiger, vol. xviii. (1900) p. 581. 

|| “A new Order of Extinct Reptiles (Sauranodonta) from the Jurassic Formation of the Rocky 
Mountains,” Amer. Journ. Sci. [31 vol. xvii. (1879) p. 85. Also ‘ The Limbs of Sauranodon, with a Notice 
of a new Species,” oc. cit. [3] vol. xix. (1880) p. 169. 

§| Amer. Journ. Sci. [3] vol. xix. (1880) p. 491. 

** « Notes on the Genus Baptanodon,” Amer. Journ. Sci. [4] vol. xvi. (1903) p. 76. 

tr Science, n. s. vol. xvi. (1902) p. 913, and vol. xvii. (1903) p. 750. 

tt **Osteology of Baptanodon,” Mem. Carnegie Museum, vol. ii. (1905) p. 77; also tom, cit. p. 325, 
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examined, nevertheless he still considers that the American and English forms are 
generically different. Apparently the only reasons for this belief worth considering 
are: (1) that in Baptanodon the clavicles are fused in the middle line, instead of merely 
uniting in a close suture; (2) in the American forms the anterior cervical vertebra are 
uniformly biconcave at the ends of their centra, while in the English types the author 
states that only the middle portion of the centrum is cupped, the concave portion 
being surrounded by a flattened area; (3) Baptanodon is said to have an additional 
digit in the fore limb. With regard to these differences, taking them in reverse order, 
it may be said that the number of digits is by no means certain, and, in fact, Knight's 
figure of the fore paddle of Baptanodon, apparently the only one known in which the 
bones are 7n situ, lends no support to the view that six digits were present; and even 
if it did so, it is by no means impossible that an extra row of phalanges may not occa- 
sionally have been present in Ophthalmosaurus. As to the form of the vertebrae, it 
may be said that in many cases the anterior cervicals of Ophthalmosaurus are biconcave 
without any broad flattened area round the concavity. Finally, with regard to the 
fusion of the clavicles in Baptanodon, it would be somewhat remarkable if two bones 
so closely interlocking as the clavicles of Ophthalmosaurus did not, at least sometimes, 
fuse in old age, and, as a matter of fact, this seems to have actually happened in 
some specimens; in any case, the character does not appear to be of generic value. 
It seems, therefore, that the English and American species may be regarded as 
belonging to a single genus, which must be called Ophthalmosaurus, that name having 
the priority, a conclusion already arrived at by KE. Fraas * and other writers. The case 
for this identity is further supported by the fact that the associated invertebrate fauna 
proves that the beds in which the remains occur were contemporary, and also that 
there are found in the American deposits remains of a Plesiosaur called by Marsh 
Pantosaurus and clearly identical with Murenosaurus of the Oxford Clay of England. 
If further proof of the identity of the American and English genera is needed, it will 
be found in comparing the present account of the skeleton of the latter with the 
excellent and detailed account of the former given by Mr. C. W. Gilmore in the papers 
referred to above. 

Skull.—The skull is represented in the collection by a number of more or less nearly 
complete examples. ‘The description of the bones of the back of the skull is founded 
mainly on a series of separate and uncrushed bones of a very large individual (R. 2162), 
while the account of the facial region is taken from a smaller skull (R. 2180), in which 
nearly all the bones are preserved separate from one another and only slightly crushed. 
Only a few bones of the skull of the type specimen are preserved (PI. I. figs. 11-15), 
and to these reference will be made below, 


* “Weitere Beitriige zur Fauna des Jura von Nordost-Groenland,” Meddelelser om Grgnland, 
vol. xxix. (1904) pt. i. p. 283. 
+ “The Reptilia of the Baptanodon Beds,” Amer. Journ, Sci. [8] vol. 1. (1895) p. 406. 
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The description of the form and relations of the bones of the occipital and auditory 
regions of the skull is rendered difficult by the circumstance that a considerable 
amount of cartilage persisted throughout the animal’s life. The consequence of this is, 
that not only does the form of the several elements vary considerably according to the 


degree to which ossification has proceeded, but also, owing to the persistence of 


the cartilage, actual surfaces of contact between the different bones are only found ina 


Text-fig. 1. 
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Basioccipital and basisphenoid of Ophthalmosaurus : A, basioccipital from above ; B, basioccipital 


from behind; C, basioccipital and basisphenoid from side. (R. 2162, 2 nat. size.) 


cond., occipital condyle; eao.f., facet for exoccipital; n.c., neural canal; op.f., facet for opisthotic; pas., 
posterior part of parasphenoid; p.cl., posterior clinoid processes; pit.foss., pituitary fossa; pt.p.. 
pterygoid processes ; st.f., facet for stapes ; v.¢.p., lower cylindrical processes of basisphenoid. 


few cases, and usually the separate elements have been displaced and scattered, so that 
their original position is difficult to make out. ‘The separate elements are first 


described and then a restoration of this part of the skull is attempted. 


The basioccipital (P1. I. figs. 13, 14; text-figs. 1 & 4) is a short and very massive bone. 
It forms the whole of the occipital condyle (cond.), which is sessile and forms less than 


6 MARINE REPTILES OF THE OXFORD CLAY. 


a hemisphere. ‘The condyle is usually about equally convex in all directions, but 
sometimes (e. g. in type specimen, PI. I. figs. 13, 14) it may be somewhat pinched in 
laterally towards its upper end; the outline is nearly circular, but it is flattened above 
for a short distance (z.c.), where it forms the lower border of the foramen magnum ; 
its surface is usually marked by a series of slight concentric ridges, and there is near its 
middle a small pit or dimple, probably marking the original position of the notochord. 
The upper surface of the bone (text-fig. 1, A)is occupied in the middle line bya smooth, 
slightly concave surface (n.¢.), extending from the upper border of the condyle to the 
anterior edge ; this surface, which is the floor of the neural canal, is narrowed somewhat 
in the middle by the encroachment of the large roughened concave surfaces for union 
with the exoccipitals (evo.f.). In front of, anda little to the outer side of these surfaces 
there is in many specimens a slight prominence terminating in a smooth facet (op.f-), 
which appears to have supported the anterior portion of the opisthotic. On the sides 
of the bone in front of the condyle there is a smooth area slightly concave from before 
backwards, and in front of this a broad roughened surface (s¢.f.) looking outwards 
and a little downwards, with which the head of the stapes articulates. ‘The ventral 
surface is also occupied by a smooth area which ends in front in a straight or slightly 
concave border, along which the bone is in contact with the basisphenoid. The 
anterior face slopes somewhat backwards and is entirely occupied by a coarsely 
roughened surface for cartilage, usually divided into two bosses by a slight median 
groove; it is clear that even in old individuals the basioccipital and basisphenoid were 
only in contact at most along their ventral edge, and were separated above by a thick 
wedge of cartilage (text-fig. 1, C). 

The exoccipitals (exo., text-fig. 2, A & B, also text-fig. 4) are short, stout, 
columnar bones which form the lower part of the lateral border of the foramen 
magnum. At their ventral end (bo0c.f.) they are considerably expanded, their base 
extending forwards in a long tongue-like process, and in consequence of this 
their surface for union with the basioccipital is very extensive. Their flattened 
posterior face seems to have sloped somewhat forwards; near the middle of its outer 
border it is perforated by a large foramen (XII’), the inner opening of which lies at 
about the middle of the inner (cranial) surface. ‘This is concave from above down- 
wards, and in addition to the large foramen just referred to, there is an oblique slit-like 
opening (XII) just anterior to it. The anterior border is strongly notched, the notch 
apparently forming the posterior border of the so-called foramen jugularis (j.for.). 
Judging from the arrangement of the nerve-exits of this part of the skull of Hatteria, 
as described by Osawa*, it seems probable that the two foramina (XII, XII’) perforating 
the exoccipital, transmitted two branches of the XII nerve, of which the posterior is the 
larger, and that the IX-XI nerves passed out through the jugular foramen, the hinder 
border of which is formed by the exoccipital as above described. ‘The outer face of the 

* Archiy f. mikroscop. Anatomie, yol. li. (1897) pp. 494-8. 
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exoccipital is short and strongly concave from above downwards—in fact, forming 
merely a deep groove, in the middle of which is the outer opening of the anterior 
hypoglossal foramen (XII) above noticed, while anteriorly it passes into the border of 
the jugular notch. The upper end bears two facets, one roughly triangular and slightly 
convex for union with the supraoccipital; this surface looks directly upwards. ‘The 
other surface looks outwards, upwards, and forwards, while above it is continuous 
with the supraoccipital surface; this facet, in some cases at least, was in contact with 
a corresponding surface on the upper posterior angle of the opisthotic (g. v.), but in 
other specimens the two elements were probably separated by a pad of cartilage. 


Text-fig. 2. 





Exoccipital and supraoccipital of Ophthalmosaurus: A, right exoccipital from outer side; B, ditto 
from inner side ; ©, supraoccipital from side; D, ditto from behind. (R. 2162, 3 nat. size.) 

a.v.c.., depression for anterior vertical semicircular canal; boc.f., facet for basioccipital; evo.f., facet for 
exoccipital ; for., foramen of supraoccipital; j,for., jugular foramen; op.f., facet for the opisthetic ; 
p+ process of supraoccipital projecting into foramen magnum; pa.f., facet for the parietal; pro.f., 
facet tor the prootic; p.v.c., depression for the posterior vertical semicircular canal; soc.f., facet for 
supraoccipital ; XII, XII’, foramina for the exit of the hypoglossal nerve. 


The supraoceipital (text-fig. 2, C & D, also text-fig. 4) is a large N-shaped bone 
forming the upper portion of the boundary of the foramen magnum, which is greatly 
narrowed in this region; the posterior surface of the bone, as a whole, is gently convex 
from side to side. The form of the edge bordering on the foramen magnum differs 
in different examples; in some it is simply N-shaped, in others (e@. g. that figured in 
text-fig. 2, D) there is a median process projecting down from the middle of the upper 
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edge. ‘The opening is, moreover, usually more or less constricted by a pair of blunt 
processes (p.) situated near the lower end of the opening, and it seems most likely 
that the actual neural canal was only that portion of the opening below these processes. 
‘The lower ends of the arch are occupied by gently concave triangular surfaces (¢x0.f.) 
for union with the exoccipitals. At the upper outer angle of the occipital surface 
there is a funnel-shaped depression, at the bottom of which is a large foramen (for.), 
which perforates the bone, passing into the cranial cavity by a large smoothly rounded 
aperture. The function of this opening, which does not seem to have been observed 
elsewhere, is doubtful ; possibly it transmitted a large blood-vesse]. From its position 
it seems not unlikely that this opening may mark the line of separation between a 
primitively separate epiotic and the true supraoccipital; for, although Baur * has stated 
that no trace of a separate epiotic element has ever been observed in Reptilia, this 
seems to apply only to skulls in a comparatively advanced state of ossification, for 
a separate epiotic has been figured by Parker ¢ in young embryos of several types 
(e.g, Zropidonotus and Lacerta). Another possible explanation of this opening is, that it 
may have given passage to a part of the enlarged upper end of the ductus endolympha- 
ticus of the ear, such as seems to occur in some Geckoes, in which, according to 
Wiedersheim {, a portion of the enlarged saccus endolymphaticus lies on the outside of 
the skull on and among the muscles of the neck, this external portion communicating 
with that inside the cranium bya duct passing through a foramen between the parietal 
and auditory capsule (or between the parietal and supraoccipital), which, it is suggested, 
inay be equivalent to the opening here noticed. Wiedersheim believes that the object 
of this enlarged saccus, which is more or less full of fine crystals, is to increase the 
sensitiveness to sound-vibrations §. If the conjecture that some such structure existed 
in the Ichthyosaurs is correct, it may be supposed to have compensated for the loss of 
sensitiveness to sound-vibration that must have resulted from the peculiar modification 
of the stapes, both as to its form, size, and relations to the surrounding bones. 

The lateral (epiotic) region of the supraoccipital projects forwards at right angles to 
the occipital portion of the bone; it is irregularly triangular in outline and bears on its 
outer surface a smoothly rounded triradiate depression, which marks the position of the 
inner wall of the anterior and posterior vertical semicircular canals (d.v.¢., p.v.¢.). 
‘These are bordered by a roughened edge of varying width for cartilage, the posterior 
edge being the broadest, the anterior of moderate width, the ventral very narrow and 
even wanting anteriorly and posteriorly where the channels for the canals reach the 


* Zool. Anzeig. vol. xii. (1829) pp. 46-47. 
‘ Phil. Trans. 1879 (pt. ii.), p. 595, pl. 41. fig. 5; also 1878 (pt. il.), p. 385, pl. 31. figs. 3, 4. 
4 Morphologisches Jahrbuch, vol. i. (1876) pp. 495- 534, pls. xvil.—xix. 
§ Mr. Boulenger has pointed out to me that the size of this lime-containing sac varies greatly even in 
different individuals of the same species, and it is often apparently absent ; this would, of course, be against 
regarding this organ as haying important auditory functions. 


OPHTHALMOSAURUS. th! 


edge of the bone. Probably there was no actual contact either with the prootic or 
opisthotic, broad tracts of cartilage having intervened between the several otic elements. 
The upper border of the supraoccipital is gently convex from side to side and is also 
curved forwards laterally ; the edge is broad and occupied by a deep roughened groove 
(pa.f.), indicating that probably there was a pad of cartilage between this bone and 
the overlying parietal. 

The prootic (text-fig. 83, A, B) is a very small bone, oval in outline, with the outer 
surface gently convex in all directions, the convexity being most marked at one end 
of the long axis. Its inner face bears a triradiate smooth channel corresponding to 
the anterior vertical and horizontal semicircular canals; round these is a roughened 
border for cartilage, varying in width, the widest being at the most convex end of the 
long axis. The precise position of this bone cannot be made out, as it does not appear 
to have been in actual contact with either of the other otic elements, but was 
surrounded by cartilage. Probably its position has been most nearly determined by 
Bauer * in his figures given in his paper on the otic bones of this genus. 

The opisthotic (Pl. I. fig.15; text-fig. 3, EK, F)is a large and solidly constructed bone, 
the position of which with regard to the surrounding elements is not easy to determine. 
The following account is founded on an examination of several sets of bones of the 
occipital region, and may be taken as representing fairly exactly the actual condition 
of things. It will be seen that the position here ascribed to the opisthotic approaches 
most nearly to that described by Gilmore and shown in his figure of the skull of 
Baptanodon +, but differs in the relations with the exoccipitals; on the other hand, 
the descriptions given by Bauer in Ophthalmosaurus f, and by EK. Fraas §, Cope ||, and 
Owen 4 in Jchthyosaurus, differ considerably from the present account. ‘The bone 
consists of an inner greatly thickened region and an outer short stout process directed 
upwards and outwards, and terminating in a convex facet (sq.f.), which fits closely into 
a corresponding surface on the inner face of the squamosal, in the angle between the 
process of that bone which joins the parietals and the downwardly-directed portion 
which embraces the upper end of the quadrate (see text-figs. 4 & 8, A, B). This 
outwardly directel bar of the bone bears both on its anterior and still more 
markedly on its posterior face stroug ridges and roughened tuberosities (¢.) for union 
with muscles or tendons. 

‘The expanded inner end of the bone is roughly trihedral; ventrally it bears a 
pair of rather narrow, roughly triangular surfaces (st.fi & st.f’.) (the posterior of 


* Anat. Anzeig. vol. xviii. (1900) pp. 586-7, figs. 17, 18. 

+ Mem. Carnegie Museum, vol. ii. (1905) p. 85, pl. xi. fig. 2. 

¢~ Anat. Anzeiger, vol. xviii. (1900) p. 581, 

§ ‘ Die Ichthyosaurier der Siiddeutschen Trias- und Jura-Ablagerungen,’ pl. ii. fig. 3. 
|| Proc. Amer. Assoc. vol. xix. (1870) p. 199, fig. 2. 

{| ‘Foss. Rept. Lias. Form.’ pt. iii. (Mon. Pal. Soc. 1881) pl. xxvi. fig. 1. 
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which is concave, the anterior convex) for union with corresponding facets on the 
upper surface of the stapes. In both elements these facets are separated by a deep 
groove (g.), so that when the two bones are in apposition a channel is enclosed 


Text-fig. 3. 











Prootic, opisthotic, and stapes of Ophthalmosaurus: A, inner face of prootic; B, outer face of prootic ; 
C, right stapes from above; D, ditto from front; E, right opisthotic from below ; F, ditto from above. 
(A, B, R. 2161; O-F, R. 2162: all % nat. size.) 

boc.f., facet for basioccipital ; ewo.f., facet for exoccipital ; g., grooves in stapes and opisthotic, forming a 
foramen when the two are articulated with one another; /.c., channel for horizontal semicircular 
canal; op.f., op.f'., the two facets on the stapes for the opisthotic; p.v.c., channel for posterior 
vertical semicircular canal; q.f., facet for quadrate; 7, ridge on shaft of stapes; sq.f., facet for 


squamosal; st.f., st.f’., the two facets of the opisthotic for the stapes; ¢., tuberosities on shaft of 
opisthotic. 


between them, running from within outwards and probably transmitting one of 
the nerves (?the ninth) issuing from the jugular foramen. Above the posterior of 
the two facets just referred to, there is a large, roughly semicircular surface (boc,f.), 
by which the bone unites with the basioccipital. Above this again, and separated 
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from it by a notch, is a pointed process, bearing in some cases a small facet (exo.f-) for 
articulation with the outer upper facet of the exoccipital ; in cases where the facet 
was wanting, no doubt the actual junction of the two bones was prevented by 
the intervention of a pad of cartilage. The junction of the opisthotic with the 
exoccipital above and the basioccipital below, encloses between it and the former of 
these two bones an oval vacuity, through which must have run some of the nerves and 
vessels passing into the jugular foramen which, as above described, notches the front 
- of the exoccipital. The upper and anterior face of the inner end of the opisthotic 
formed the posterior, outer and lower portion of the auditory capsule, and is deeply 
impressed by two grooves meeting towards the inner end and marking the position of 
part of the posterior vertical (p.v.c.) and of the horizontal (/.c.) semicircular canals. 
Round these the bone forms a roughened border of varying width for cartilage, and 
probably it had no contact with either the supraoccipital or epiotic elements. The 
chief peculiarities of this bone (e. g., its extensive union with the basioccipital and 
stapes) all seem to tend to increasing the rigidity of the squamoso-quadrate 
complex. 

The stapes (Pl. I. fig. 12; text-figs. 3,C, D, & 4), asin other Ichthyosauria, has under- 
gone a most peculiar modification.. Instead of being, as in most Reptiles, a slender rod 
of bone connecting the tympanic dram with the inner ear, it seems to have lost its 
auditory function and has become a stout bar of bone, lying between the basioccipital and 
quadrate and helping to add to the rigidity of the latter. The proximal end is greatly 
enlarged and forms a massive head, the inner face of which is occupied by a surface 
(b0c.f.), slightly convex from above downwards, by which it articulates with the 
corresponding facet on the basioccipital. Above this surface on the upper side of 
the head are two obliquely elongated facets (op.f. & op.f’.) separated by a groove ; 
these, as above described, articulate with the corresponding surfaces of the opisthotic, 
the groove forming the lower half of the channel (g.) running between the two 
elements. ‘The posterior face of the head is flattened and a little roughened; the 
anterior face is produced ventrally into a blunt triangular prominence, from which a 
ridge (7.) runs obliquely upwards on to the narrow outer process of the bone. This 
latter terminates in a blunt point, which bears a facet, looking upwards and forwards, 
for union with the corresponding pit on the inner face of the quadrate. In addition to 
its inner and outer unions with the basioccipital and quadrate respectively, the lower 
angle of this bone is wedged into the angle formed by a ventral shelf-like process of 
the portion of the pterygoid which is united to the inner face of the quadrate (see 
pterygoid below, also text-fig. 4). ‘This union added still further to the rigidity of the 
occiput. 

The arrangement of the various bones described above is figured in text-fig. 4. 
In this the form of the foramen magnum is well shown, as also is the remarkable 
manner in which the quadrate is supported by the stapes, opisthotic (indirectly), 


squamosal, and pterygoid. 
C2 
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The basisphenoid (text-figs. 1, 5, 6, 7) is a stout and very massive bone. Its 
posterior and most of its upper surfaces are greatly roughened and were obviously 
thickly covered by cartilage in life. In this region the bone is divided into two 
prominent convex bosses, separated by a deep median groove running from the middle 
of the upper anterior edge to the lower posterior border. ‘The posterior faces of these 
prominences are slightly flattened, or even slightly concave, and were directed towards 


Text-fig. 4. 
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Reconstruction of the posterior region of skull of Ophthalmosaurus from behind. (About 4 nat. size.) 
art., articular surface of quadrate; boc., basioccipital; cond., occipital condyle; evo., exoccipital; for., 
foramen in supraoccipital ; for.mag., foramen magnum; op., opisthotic; op.f., facet for opisthotic ; 
p., process of supraoccipital projecting into foramen magnum; pa.f., facet for parietal; p.t.sq., parietal 
branch of the squamosal ; /.e.a., postero-external angle of the squamosal ; pt., pterygoid; pt.foss , post- 
temporal fossa ; 9., quadrate ; q.b.sq., quadrate branch of the squamosal; soc., supraoccipital; st., stapes; 
t.b.sq., temporal branch of squamosal; X11’, foramen for posterior branch of the hypoglossal nerve. 


the corresponding anterior surfaces of the basioccipital, though probably separated 
from them by a thick pad of cartilage. The presence of the deep median groove above 
noticed may be a trace of the original ossification of this bone from two lateral 
centres. ‘The anterior border of the upper surface is raised into a pair of blunt 
processes separated by a slight notch: these are the posterior clinoid processes (p.cl.). 
Beneath them the anterior face of the bone is at first vertical and then slopes slightly 
backwards, forming the posterior wall of the very large internal carotid foramen (7.c f-.), 
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the anterior wall of which is formed by the upper surface of two prominent bosses, 
separated by a deep notch and each terminating in a surface for cartilage: these are 
the processes called by Siebenrock *, in his account of the skull of Hatteria, the lower 
cylindrical processes (v.¢.p.) ; they mark the beginning of the presphenoidal region of 
the basis cranii, which remained unossified. Beneath them is the posterior end of the 
parasphenoid (pas.), which is adherent to the ventral face of this bone, as described 
below. The hollow bounded by the upper surface of the lower cylindrical processes 
below, and by the posterior clinoid process behind, is the pituitary fossa (pit.fos.), into 
which, as already noted, the very wide carotid canal opens and passes downwards 


Text-fig. 5. 








Basisphenoid of Ophthalmosaurus: A, from below ; B, from the front. (R. 2162, } nat. size.) 


b.c., foramen for a branch of the carotid artery; i.c.f., internal carotid foramen; pas., parasphenoid ; 
pl., posterior clinoid processes ; pit.foss., pituitary fossa; pt.f., facet for pterygoid; pt.p., pterygoid 
processes ; v.c.p., lower cylindrical processes of basisphenoid. 


and backwards, its single ventral aperture being situated about the middle of the 
ventral face of the bone: this lower opening is usually more or less asymmetrical in 
form. 

In some of the Liassic Ichthyosaurs, as pointed out by Cuvier ¢ and more fully by 
Maggi f, there are two posterior openings, separated, in some cases at least, by the 
posterior end of the parasphenoid (see text-fig. 6, C); this condition seems to be 
the most primitive, since in Hatteria the paired openings are situated on either side of 
the posterior end of the parasphenoid. In Ophthalmosaurus the condition of the 
posterior end of the parasphenoid (see below) is very different in different individuals 

* “Zur Osteologie des Hatteria-Kopfes,” Sitzungsber. k. Akad. Wiss. Wien., math.-naturw. CL., vol. cii. 
(1893) p. 250 ; also translated in Ann, Mag. Nat. Hist. [6] vol. xiii. (1894) p. 297. 

+ «Ossements fossiles,’ vol. v. pt. 2 (1824) p. 460, pl. xxix. figs. 12 & 13. 

+ “Il Canale Craneo-faringeo negli Ittiosauri ete.,” Rendiconti R. Istit. Lombardo, [2] vol. xxxi. 
(1898) p. 761. 
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(see text-figs. 5, A; 6, A, B), but in no case does it divide the opening of the carotid 
canal. 

On either side of the pituitary fossa the basisphenoid is produced outwards into the 
two prominent pterygoid processes (pt.p.), the upper surfaces of which look upwards 
and forwards; at their base there is a small perforation (0.c.) leading into the carotid 
canal and no doubt transmitting a small branch of the internal carotid. ‘The outer ends 
of the processes are truncated by the facets for the pterygoids looking almost directly 
outwards and sloping downwards from behind forwards (see fig. 1, C). The ventral 
surface of the pterygoid processes is roughened for union with the inner plate of the 
pterygoids, which overlapped and closely united with this part of the ventral face of 
the basisphenoid, extending back even to the posterior portion of the body, as is shown 
by the presence of roughened surfaces for union. 

When the basisphenoid is looked at from below (text-fig. 5, A) its posterior border 
is seen to be nearly a semicircle, while the anterior border is nearly straight, except 
for the slight projections formed by the ends of the lower cylindrical processes (v.c.p.) 


Text-fig. 6. 





Basisphenoid of Ophthalmosaurus and Ichthyosaurus: A and B, basisphenoids of Ophthalmosaurus from below ; 
C, basisphenoid of Ichthyosaurus from below. (A, R. 2164; B, R. 2161; C, R. 2063: 2 nat. size.) 


w.c.f., internal carotid foramina ; pas., parasphenoid; pt.f., facets for pterygoids; pt.p., pterygoid processes ; 
v.¢.p., lower cylindrical processes. 


and by the anterior angles of the pterygoid processes (pt.p.). As already mentioned, 
the middle of the ventral face is pierced by the internal carotid foramen (7.c.f.). In 
front of this the adherent posterior end of the parasphenoid is seen. In different 
individuals the degree to which the parasphenoid overlaps varies (see text-fig. 6). 
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Text-fig. 7. 











































































































Basisphenoid and parasphenoid of Ophthalmosaurus. The basisphenoid is much crushed from above 
downwards: A, from above; B, from side. (R. 2180, 2 nat. size.) 
p.cl., posterior clinoid processes ; pit.foss. § ¢.f., pituitary fossa and carotia foramen; prs.g., presphenoidal 
groove; pt.f., facet for pterygoids ; pt.p., pterygoid processes of basisphenoid ; v.c.p., lower cylindrical 
processes of basisphenoid. 
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In one case (fig. 6, A) it extends back round the sides of the carotid foramen (7.c.f'), 
forming the anterior and part of the lateral border of that opening; in most (text- 
fig. 5, A) it extends just to the anterior border of the foramen, while in one instance 
it only extends about halfway to it (text-fig. 6, B). 

In front of the basisphenoid the parasphenoid (text-fig. 7) extends forwards as a long 
pointed rostrum, the length of which is about three times that of the basisphenoid in 
the mid-ventral line. Posteriorly this rostrum is transversely oval in section, but soon 
becomes triangular, the upper surface being concave from side to side, so that it forms 
a shallow groove (prs.g.) which received the lower edge of the presphenoidal bar of 
cartilage, which probably, as in Hatteria, formed the ventral edge of the interorbital 
septum : this groove occupies about the posterior half of the free portion of the bone. 
In front of this the rostrum becomes more compressed laterally, and on its sides are 
long surfaces (pt,f.) slightly concave and ridged, apparently for union with the inner 
side of the anterior limbs of the pterygoids, between which its anterior half extended. 

The squamosal (text-fig. 8, A, B.) isa bone of complex shape. It occupies the postero- 
superior angle of the skull, where it forms a prominent boss (p.é.a.). From this 
angle there runs forwards a broad plate, the somewhat thickened upper border of 
which forms the posterior half of the outer border (0.4.) of the supratemporal fossa 
(s.t.foss.) ; the ventral and anterior edges of this plate are thin and no doubt united 
with the supratemporal and postfrontal bones, as they are shown to do in Gilmore's 
figure * of the skull of Baptanodon, and as is the case in the earlier Ichthyosaurs. 
From the posterior angle again there runs inwards and a little forwards a very stout 
bar of bone, making an acute angle with that just described and forming the outer 
part of the posterior border of the supratemporal fossa. At its inner end this process 
widens out considerably from above downwards and terminates abruptly in a deeply 
hollowed, somewhat diamond-shaped cavity (pa.f.) for the reception of the outer end 
of the squamosal process of the parietal. On the posterior face of this process of the 
squamosal there is a small shelf-like projection, making nearly a right angle with 
the quadrate region about to be described: in this angle is the facet for the reception 
of the outer end of the opisthotic (op.f.). Beneath the posterior angle (p.e.a.) there 
is a broad plate of bone continuous in front and behind with the processes already 
described: this is the quadrate region of the squamosal (q.f.); it consists of an outer 
and an inner plate separated by a deep narrow fossa, into which the upper end of the 
quadrate is firmly fixed. The inner plate extends down the inner face of the 
quadrate, to which it is closely adherent, and at its lower end it oyerlaps the 
ascending quadrate plate of the pterygoid; by this arrangement the quadrate, apart 
from its other supports, the stapes and quadrato-jugal, is held rigidly by the squamosal 
above and the pterygoid below. ‘The above description agrees in the main with that 
given by Gilmore in his account of the skull of Baptanodon, but it cannot be said 


* “ Osteology of Baptanodon (Marsh),” Mem. Carnegie Museum, yol. ii. (1905) pl. viii. 
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Text-fig. 8. 











Squamosal and postorbital of Ophthalmosaurus: A, left squamosal from above; B, ditto from below 
(the dotted line represents the restored outline of the quadrate border); ©, right postorbital. 
(A, B, R. 2146; C, R, 2180: 2 nat. size.) 


o.b., outer branch of squamosal ; op.f., facet for opisthotic; 0.., orbital rim on postorbital ; pa.f., surface 
for union with the parietal ; p.¢e.a., postero-external angle of squamosal ; q.f., surface for union with 
upper end of quadrate ; s.t.foss., supratemporal fossa. 
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that the inferior plate filled all the space between the opisthotic, stapes, and quadrate, 
nor does its lower end seem to extend so far down as to pass under the upper lateral 
margin of the stapes. It seems probable that in the skull figured by Gilmore the 
squamosal and quadrate have been somewhat dislocated from their natural positions 
with regard to one another. 

The supratemporal is missing or crushed beyond recognition in most cases, but in 


Text-fig. 9. 






a ) Ay 
ZF, 
PAs 


ZZ 





Right quadrate of Ophthalmosaurus: A, outer side; B, inner side ; C, articular end. 
(R, 2133; 2 nat. size.) 


a.b., anterior border; a.i.a., antero-internal angle; art., articular surface for mandible; n., neck of bone ; 
p..a., postero-external angle; pt. surface of union with pterygoid; q,j.f., facet for articulation with 
quadrato-jugal ; sq., surface for union with the squamosal ; st.f., facet for outer end of stapes. (The 
outlines of the surfaces for the squamosal and pterygoid are shown by dotted lines.) 


one (R. 2740) it can be seen that it was roughly triangular, overlapping the post- 
orbital anteriorly, and sending forwards along it a process to meet the postfrontal. 
The relations with the bones behind and above cannot be made out. 

The quadrate (P). 1. fig. 10; text-fig. 9) isalarge, broadly sickle- or rather ear-shaped 
bone, consisting of a comparatively thin upper portion and a greatly thickened articular 
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region. The form of the articulation (text-fig. 9, C) varies somewhat, according to the 
degree to which the ossification of the cartilage has proceeded; in the most fully 
ossified specimens the surface is strongly convex from before back. In the transverse 
direction there is a double curve, the inner portion being convex, especially towards 
the middle of its length, while the outer is concave, especially in front. ‘The prominent 
postero-external angle of this region forms a well-marked projection (q,j.f.), with the 
upper end of which the quadrato-jugal articulates by a concave surface (qf, 
text-fig. 10, A-C). <A little above the articular end the bone narrows to form a 
sort of wide neck (n.): the anterior border of this region, when fully ossified, is sharp 
and gently concave ; the posterior border is thickened and rounded and forms the 
lower part of the deeply concave posterior border, the degree of concavity varying 
greatly in different individuals. ‘The upper and anterior border of the blade (a.0.) 
forms a long convex curve forwards to the upper end of the neck, with which it makes 
an obtuse angle (a.i.a.): the edge is thickened along the upper end and thinner 
anteriorly ; throughout its length it seems to have been bordered with cartilage. 
The outer face of the blade is concave in all directions, and its posterior upper angle 
(p.e.a.) is bent sharply outwards; the inner face is divided into a postero-superior 
portion bent outwards, and a nearly flat anterior region which is overlapped by the 
squamosal above and the pterygoid below. ‘The pterygoid is intimately united to 
the roughened surface marked in the figure by a dotted line (pt.); it terminates above 
by a thin tongue-like expansion, which in its turn is overlapped by the squamosal (s¢.). 
Immediately behind the pterygoid plate, and in fact forming a notch on its posterior 
border, is the facet (st,f.) with which the outer end of the stapes unites. The squamosal, 
as already mentioned, embraces the upper end of the bone and on the inner face 
overlaps it and part of the pterygoid. ‘The whole arrangement of the quadrate 
(see text-fig. 4) seems to be directed towards the attainment of the greatest possible 
rigidity: thus, on the inner side it is supported by the pterygoid, which, in its turn, 
is closely united with the basisphenoid; by the squamosal, which is joined to the 
parietal, supratemporal, and postfrontal, and is further braced by the outer end of 
the opisthotic and by its overlap on to the pterygoid; by the stapes, which extends 
from the above-mentioned notch to the basioccipital, and is further held in position by 
the inferior plate of the pterygoid, on which it rests. On the outer side also the 
quadrate is supported by the quadrato-jugal, though in this case the mode of union 
seems to have allowed a little movement between the two bones. The arrangement in 
the Rhynchocephalia is, of course, similar in many respects, but neither in that nor 
in any other group of reptiles does it appear that the stapes has been converted into 
a mere support for the quadrate. 

The quadratojugal (text-fig. 10, A-C) is a small triangular bone, the postero-inferior 
angle being obtuse: both the posterior and lower borders are thickened, while the 
anterior (upper) edge is thin and sharp. ‘The posterior lower angle is occupied by a 
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rounded articular knob, the lower surface of which bears a rather deep cup-like 
depression (q.f.), into which the upwardly projecting postero-external angle of the 
quadrate is received. As already mentioned, there seems to haye been a certain 
amount of play between the two bones; and this probably indicates that the rostral 
portion of the skull was capable of some small degree of movement on the cranial, this 
movement being transmitted to the quadrato-jugal by the jugal bar. ‘The external 
face of the bone is overlapped below by the posterior upturned end of the jugal, the 
surface for which is clearly defined (see text-fig. 10, A, ju.f.). Above, the bone bears a 
roughened facet ( p.orb.f.) by which it joined the postorbital, which also overlapped the 
upper end of the jugal. 


Text-fig. 10. 





Right quadrato-jugal and jugal of Ophthalmosaurus: A, quadrato-jugal, outer side ; B, ditto, lower side, 
with articulation for quadrate ; C, ditto, inner side ; D, jugal, outer side. (R. 2180, about 2 nat. size.) 


ju-,jugal ; ju.f., facet for jugal ; U.f., facet for posterior end of lachrymal ; ma.f., facet for maxilla ; 
p.orb.f., facet, for postorbital ; 9.f., facet for quadrate. 


The jugal (text-fig. 10, D) is a long curved bone, consisting of a slender horizontal 
bar in front and a laterally-flattened, upturned blade behind. ‘The upper portion of 
the blade overlaps the outer face of the quadrato-jugal, and is in turn overlapped by 
the lower end of the postorbital (p.ord.f.), so that it is thrust between these two 
bones, The anterior bar is oval in section in its posterior half, but anteriorly it 
becomes compressed from side to side, and is deeply grooved (/.f.) superiorly for union 
with the lower edge of the posterior prolongation of the lachrymal. On the inner 
side of this region there is an elongated and well-defined surface, which is flat or gently - 
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concave, for union with the posterior limb of the maxilla. The jugal formed the 
whole of the ventral and the lower part of the posterior border of the orbit. 

The upper part of the posterior border of the orbit is formed by the long curved 
postorbital (text-fig. 8, C), the lower end of which widens out a little and overlaps 
the outer face of the upper portion of the jugal. Above this the bone bears on its 
inner face a surface for union with the upper end of the quadrato-jugal, and above this 
again its upper face is overlapped first by the supratemporal, then by the postfrontal. 
In this upper region the outer surface bears a prominent ridge, which forms the actual 
rim of the orbit. 


Text-fig. 11. 





Right lachrymal of Ophthalmosaurus: A, inner side; B, outer side. (R. 2180, 2 nat. size.) 


juf., facet for jugal; mx.f., facet for maxilla ; nar.b., border of external nares; n.f., facet for nasal ; 
orb.r., rim of orbit ; pr.f., facet for prefrontal. 


The lachrymat (text-fig. 11) is an irregularly triangular bone, with the posterior 
angle produced backwards into a process, of which the ventral surface is raised 
into a strong ridge internally and a deep groove externally (ju.f.), both fitting 
on to corresponding surfaces on the upper side of the anterior end of the jugal. The 
upper border of this process is continued backwards and upwards on to the outer face 
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of the bone as a curved ridge (ord.7.) running towards the upper angle and forming a 
rim to this part of the orbit. The upper angle is blunt and rounded, and bears on its 
antero-internal face a surface (n,f.) for union with the nasal. A roughening (pr.f-) 
on the posterior edge probably marks the junction with the prefrontal, but this is not 
clear in the specimens described. ‘The anterior concave border (nar.b.) of the bone is 
rounded and reflected inwards, forming the posterior border of the external nares. 
On the inner face of the bone, at the lower end of the nasal border, is a rugose surface 
(ma.f.) for union with the maxilla, to the outer face of which the lower part of the 
lachrymal is closely applied. 

The nasals (text-fig. 12) are very large bones of peculiar form. They are prolonged 
forwards to a great extent, their anterior portion being concealed beneath the pre- 
maxille, to the inner face of which they are here closely applied: they extend forwards 
to a point about two-thirds of the total length of the rostrum in front of the anterior 
border of the nostrils. Further back, by the divergence of the premaxille, they are 


Text-fig. 12. 
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Right nasal of Ophthalmosaurus from outer side. (R. 2180, about 3 nat. size.) 


a.nar.b., anterior border of external nares ; Jac.f., facet for lachrymal; mw.f., facet for maxilla ; 
pme.f., facet for premaxilla ; p.nar.b., posterior portion of border of external nares, 


exposed on the surface of the snout, and extend backwards between the nasal openings 
to behind the level of the front of the orbit. In this posterior region each is 
divided by a rounded angle into two regions: (1) an upper, which with its fellow of 
the opposite side forms the roof of the snout, which is somewhat concave between and 
behind the narial openings; (2) a lateral portion forming the upper border of the 
nasal opening, which is divided into an anterior portion where this upper border 
(a.nar.b.) is thin and sharp, and a posterior region (p.nar.b.), separated by a process 
projecting into the opening, where the edge is inflected to form a sort of funnel- 
shaped channel. Immediately in front of the nasal opening the lower border 
of the bone bears an elongated roughened facet for union with the corresponding 
surface of the maxilla, which bounds the opening below. Just behind its narial border 
the nasal has a roughened surface (lae,f.) for junction with the lachrymal, by which the 
posterior border of the opening is formed. No specimen in which the posterior end of 
the nasal is well preserved is known, but it seems to have been in contact with the 
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frontal and prefrontal bones. The inner face of the bone, which is concave from above 
downwards, is marked by a series of longitudinal ridges running forwards from the 
nasal opening. 

The maailla (text-fig. 13) is a small bone compared with the premaxilla and in no 
case seems to have borne teeth, though the dental groove begins in its anterior 
portion. The bone, as a whole, is a shuttle-shaped structure, with the upper and 
inner surfaces deeply concave from above downwards. The posterior prolongation 
bears on its outer face (text-fig. 13, A) an elongated concave, grooved surface (jw.f.) for 


Text-fig. 13. 
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Right maxilla of Ophthalmosaurus: A, outer side; B, upper side; C, inner side ; D, vertical section 
at the line D-D in fig. C. (R. 2180, 3 nat. size.) 


d.g., dental groove; f.p., facial portion of bone; ju,f., facet for jugal; U.f, facet for lachrymal ; 
nar.b., border of external nares; 2.f., facet for nasal; pl.p., palatine plate; pma-.f., facet for premaxilla : 


p-P» processes on palatine border, 


union with the overlapping jugal: there may have been a little play between the two 
elements. In front of this the outer face of the bone is flat above and gently convex 
below: its upper border is produced upwards into a blunt triangular process, the outer 
face of which is overlapped by the lachrymal, with which it unites in a short strong 
suture (.f.) along its upper edge. In front of this projection the upper border of 
the bone is rounded and forms part of the lower edge of the nasal opening (nar.0.). 
Anterior to this, again, there is an elongated and roughened facet (n.f.) for union with 


24 MARINE REPTILES OF THE OXFORD CLAY. 


the corresponding surface on the lower edge of the nasal. The anterior end of the 
bone runs out into a pointed process, the outer face of which is overlapped by the 
pointed posterior prolongation of the premaxilla. Looked at from above (text-fig. 13, B), 
the bone is seen to widen out considerably towards its middle, forming a palatine plate 
which is concave from side to side: possibly this concavity, anteriorly at least, received 
a posterior process of the premaxilla. The upper edge of the inner border of the palatine 
plate is peculiarly irregular, being produced into a series of elongated processes which 
lie almost parallel with the long axis of the bone; possibly these were connected with 
the bones of the palate, but their use is obscure. Beneath the palatine expansion (pl.p.) 
the inner face of the bone is deeply concave from above downwards, and anteriorly 
forms the posterior portion of the dental groove (d.g.), in which, however, no trace of 
the presence of teeth can be observed. 

The premaaillw are greatly enlarged and elongated bones, forming the greater part 
of the rostrum. Anteriorly they terminate in a blunt point, from which they gradually 
increase in depth backwards: their outer surface is convex from above downwards, 
and a little above the alveolar border bears a strongly-marked longitudinal groove, into 
which numerous foramina, probably vascular, open; this groove begins a little in front 
of the narial opening and dies away a few centimetres from the end of the snout, 
though the foramina are continued right to the end. The palatal face of the bone 
bears the broad alveolar groove continuous posteriorly with that of the maxilla. On 
the outer side of the anterior portion of the groove is a series of regular indentations 
separated by rounded ridges and marking the points of insertion of the relatively small 
and apparently very loosely attached teeth. The inner side of the groove is formed by 
a thickened rounded border, which, in the anterior region at least, was in contact with 
its fellow of the opposite side, but posteriorly the two were probably separated by the 
vomers, though the structure of this part of the skull is not well shown in any 
specimen. The inner face of the premaxilla is concave from above downwards, forming 
a long channel-like groove deepening from before backwards. For some distance 
this groove receives the anterior end of the nasals, as noticed above, and for a long 
distance the premaxille meet above those bones. For the greater part of their 
junction in the mid-dorsal line the premaxille seem to have been merely in contact, 
but just before they diverge they were united by a strong ligamentous connection, 
the remains of which are seen in the elongated roughened surface occurring at this 
point. Behind this the superior border slopes away towards the inferior, the two 
meeting at the end of the long pointed posterior prolongation which overlaps the outer 
face of the maxilla. This posterior prolongation may have been slightly notched by 
the anterior angle of the narial opening, as in Jehthyosaurus acutirostris (see Fraas, 
‘Die Ichthyosaurier,’ pl. il. fig. 1). 

The parietal (text-fig. 14) is a bone of very peculiar shape. It consists of a body 
which formed the posterior part of the roof and part of the side-wall of the cranium, 
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Text-fig. 14. 
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Right parietal of Ophthalmosaurus: A, from above; B, from outer side; C, from below. 
(R. 2162, 2 nat. size.) 


’ col., depression which probably received the upper end of the columella cranii; fr.f., facet for frontal; 
pr-f., facet for postfrontal ; soc.f., surface for supraoccipital ; sq.f., facet for squamosal ; sqg.p., squamosal 
process ; sut., suture between parietals ; ¢.r., tentorial ridge across roof of brain-case; v.pr., ventral 


(outer) process, 
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and of a process running outwards and backwards to meet the squamosal, with which 
it unites in a strong complex suture; the upper surface of this process is convex from 
before backwards, the ventral concave. ‘The upper surface of the body of the bone is 
strongly convex from side to side; posteriorly the outer border is produced downwards 
to the side of the brain-case, while anteriorly it bears on its lower edge a deep 
groove into which probably the upper end of the epipterygoid fitted. The inner side 
bears a flat sutural surface for union with the corresponding bone of the opposite side : 
this sutural surface consists of a comparatively narrow posterior portion and a broad 


Text-fig. 15. 








Part of upper region of skull of Ophthalmosaurus, showing the squamoso-parietal bars and the 
skull-roof with the parietal foramen. (R. 3535, 4 nat. size.) 


fr. frontal; pa., parietal ; p,for., pineal foramen ; post.f., postfrontal; sq., squamosal., 


oval roughened anterior region, which is borne on the inner end of a prominent ridge 
which crosses the cranial surface somewhat obliquely, dividing it into distinct anterior 
and posterior halves. The posterior half is about as broad as long, concave in all 
directions, while the anterior is narrower and gently concave from before back only. 
It appears that this ridge formed a sort of tentorium across the roof of the brain-case, 
and probably marks the line of separation between the optic lobes and the cerebral 
hemispheres, the former probably being very large. In front of the median suture the 
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inner border of the bone slopes away from the middle line and it is overlapped to a con- 
siderable extent by the frontals; it appears that the parietal may or may not take part 
in the formation of the pineal foramen. External to the surface for the frontals there is 
another deeply ridged suture, probably for the prefrontal. The line of union between 
the parietal and the supraoccipital is a not very well-marked ridge, and the junction 
of the two bones seems to have been weak, a pad of cartilage probably intervening 
between them. ‘The rest of the bones of the skull-roof are badly preserved in all the 


Text-fir. 16. 























Left postfrontal of Ophthalmosaurus: A, from above; B, from below. (R. 2146, 3 nat. size. 


fr.f., surface of union with the frontal and (?) parietal ; or.d., orbital border ; pr.ff., surface of union with 
the prefrental ; sq.f., ditto for squamosal ; ¢.f.b., border of temporal fossa. 


available specimens, so that they cannot be described in detail. The frontals (text-fig. 15) 
are small oblong bones, the postero-internal angle being in most cases cut away to form 
the border of the pineal foramen, which is a large oval aperture ; in front of this they 
unite in the middle line by a strong suture. Externally they unite behind with the 
postfrontals, and in front apparently with the prefrontals and nasals. The postfrontal 
(text-fig. 16) is large; it widens out towards each end. Its relations posteriorly cannot 
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be made out clearly, but it seems to have united behind in a complex suture with 
the squamosal; anteriorly it joins the frontal, prefrontal, and perhaps the parietal. 
In its narrow middle region it forms the upper border of the orbit and the outer border 
of the supratemporal fossa ; its orbital border is thin and sharp, and within this the bone 
thickens gradually towards its middle to form a gently concave roof to the orbit. The 
inner edge forming the border of the supratemporal fossa is thickened and rounded. 

The prefrontal consists of a strong rounded central portion, which is expanded above 
to form the rim of the orbit. At the lower decurved end it interlocks with the upper 
end of the lachrymal. On its upper surface it bears a strong ridge, which fits into a 
corresponding groove on the overlapping nasal. Postero-internally it joins the frontal, 
and externally its upper surface is extensively overlapped by the postfrontal. 

The pterygoids (text-fig. 17) are very large bones, expanded posteriorly, and produced 
anteriorly into long pointed processes. The broad posterior portion united by its 
inner upper surface (ds.pt.f.) with the basipterygoid processes of the basisphenoid, and 
behind these also overlapped the ventral surface of that bone to a considerable extent 
by a postero-internal expansion (7”.p.). External to this expansion and separated from 
it by a deep groove the dorsal surface of the bone bears a strong oblique crest-like ridge 
(d.p.), the upper surface of which, together with that of the postero-external process 
(e.p.), 18 closely adherent to the inner face of the quadrate, the posterior half of which 
it completely covers; at its upper end it is itself overlapped for a short distance by the 
quadrate process of the squamosal. Into the deep groove (g.st.) between the dorsal 
and postero-external processes the lower border of the large stapes lies, its outer end, as 
already described, fitting against a facet of the inner face of the quadrate immediately 
behind the pterygoid. In front of the posterior expansion the bone first narrows 
into a sort of neck, of which both the outer and inner borders are concave; then it 
expands into a broad flat plate, which gradually narrows forwards till, at about one-third 
of its Jength from the anterior extremity, it passes forwards into an elongated 
vertical plate forming the anterior third of the bone. This plate bears on both its 
outer and inner surfaces elongated slightly ridged facets for union with adjoining 
bones, that on the outer face being no doubt for the vomer, that on the inner for 
the corresponding facet on the pterygoid of the opposite side. ‘The posterior third of 
the inner border (7.0.) of the portion of the bone in front of the union with the 
basisphenoid is thickened and concave; it forms the outer border of the inter- 
pterygoid vacuity, which is divided in the middle line by the parasphenoid, the 
anterior end of which thrusts itself between and unites with the pterygoids for some 
distance (pas,f.); in this region the inner border of the pterygoids is nearly straight. 
Anteriorly, as already mentioned, they are in contact with each other in the middle 
line, and probably lay between the vomers. ‘The thickened inner border of the 
posterior part of the bone forms a ridge (r.), which is continuous anteriorly with the 
upper edge of the vertical intervomerine plate. 
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The palatines are not well known. The bone figured in text-fig. 18 is believed to 
be one of these elements, since in its general characters it is similar, so far as can be 
seen, to the palatine of Ichthyosaurus zetlandicus. ‘The figure is drawn mainly from 


Text-fig. 17. 























Left pterygoid of Ophthalmosaurus: A, upper surface ; B, lower (palatal) surface. (KR. 2180, 3 nat. size.) 

bs.pt.f., facet for union with the pterygoid process of the basisphenoid; d.p., dorsal process; e.p., outer 
process ; g.st., groove for the reception of the stapes; 7.b., internal border; im.p., inner process ; 
? pas.f., facet for union with the parasphenoid (?) ; pt.sym., symphysial surface for opposite pterygoid ; 
q.f-, surface for union with the quadrate ; r., dorsal ridge ; v.f., facet for vomer (?). 


Text-fig. 18. 
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? Right palatine of Ophthalmosaurus, from below. (¥ nat. size.) 


a,p., anterior process ; mv,f., facet for maxilla ; pt.f., facet for pterygoid; n?, border of internal nares. 


the right bone, but the posterior portion has been restored from that of the left side. 
If this interpretation be correct, the bone would seem to consist of a long anterior 
process (a.p.), the inner rounded border of which formed the outer side of the internal 


30 MARINE REPTILES OF THE OXFORD CLAY. 


nares, while its thinner outer edge united with the premaxille. Posteriorly the bone 
is broader, and on both its outer and inner borders has shelf-like facets for union with 
the neighbouring bones, the outer probably joining the maxilla and premaxilla (ma.f.), 
the inner meeting the vomer in front and the pterygoid behind. The notch marked n/ 
in the figure is apparently the posterior angle of the internal nares. It is only fair to 
state that in one specimen, including many parts of the skull, there is a bone probably 
belonging to the palate, which is of considerably different form, and may be a palatine. 
In fact, till a skull is found with the palate preserved in something like its original 
condition, it will remain impossible to be certain of the form and relations of its 
constituent elements. ‘This remark applies especially to the vomers. The bones that 


Text-fig. 19. 


















































? Left vomer of Ophthalmosaurus: A, outer side; B, palatal surface; C, inner side. (R. 3533, 2 nat. size.) 


b.n., border of nasal opening ; ., narial groove; pal., surface of union with the palatine ; 
pme.f., surface for union with the premaxilla; v.f., surfaces of union with the opposite vomer. 


are here regarded as vomers are figured in text-fig. 19; they belong to a small skull, 
of which most of the bones are preserved in a separate condition. The form in side 
view is shown in text-fig. 19, A and C, while the narrow palatal surface is seen in 
19 B. The outer face bears on its anterior pointed region a facet probably for 
union with the premaxille, while on its posterior and lower border is a surface which 
may have united with the palatine (pal.). The rounded notch marks the inner 
border of the internal nares. ‘The outer face in front of the narial notch (n.) bears 
along its upper and lower edges facets for union with the vomer of the opposite 
side (v.f.). On the whole, these bones agree very well with what can be seen of the 
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vomers in some Ichthyosaurian skulls, and may be regarded with some confidence as 
being those elements. 

Sclerotic Ring (P1. I. figs. 9, 10)—The large and strongly ossified sclerotic ring in 
the Ichthyosaurian eye is one of the most notable characteristics of the group, but 
nevertheless does not seem to have been satisfactorily described. In the present 
collection there are several more or less nearly complete specimens of this structure, some 
with a greater or less number of sclerotic plates still united, others in which they 
have all become separated. From these it appears that the plates not only formed a 
ring round the pupil on the front of the eye, but externally also curved rather sharply 
round on to the back of the eyeball, over which they extended some distance, though 
not so far as in front. Owen* has already described this in the case of some Liassic 
Ichthyosaurs, and points out that the structure of the ring indicates “the extreme 
oblateness of that visual spheroid.”’ Each separate plate extends from front to back, of 
course narrowing towards the pupil; in the young the plates are very thin, but they 
become considerably thickened with advancing age. ‘They unite along their edges in a 
complex suture (Pl. I. fig. 10), interlocking in such a way that no movement can have 
taken place between them. Certainly in no specimen have they been seen to overlap 
simply one another as has been figured by Gilmore in the case of Baptanodon*t. 

Even in birds, especially the Hawks and Owls, in which the plates often imbricate, 
they frequently fit into grooves in one another's edge, and in any case are so firmly 
united by connective tissue that little or no movement between the separate elements 
is possible. As already noticed, the plates are very thin in the young; they seem to 
ossify from a centre lying just in front of the point where they bend round to the 
back of the eye, and at this centre of growth there is a rugose surface from which 
there radiates in all directions a series of fine lines, which give the bone a fibrous 
appearance. Growth in thickness takes place by the addition of successive lamine, 
probably on the inner side only; the edges of these laminz of two contiguous plates 
interlock in the manner above described. 

Mandible (figs. 20-23).—The structure of the mandible, on the whole, agrees very 
closely with that described by Gilmore in the case of the American forms, Each 
ramus consists of six elements—one, the articular, being a cartilage-bone, the re- 
mainder sheathing membrane-bones. Of these latter the dentary (dent.) is the largest: 
anteriorly it forms the whole of the jaw and terminates in a point ; posteriorly it runs 
back, overlapping the anterior ends of angular and surangular on the outer face of 
the ramus, and terminating in a point a little in front of the coronoid process of the 
surangular referred to below ; internally it extends back about the same distance as 
externally, but in the specimens examined its posterior end is concealed by the over- 
lapping coronoid bone. ‘The outer face is convex from above downwards, and a little 


* ¢Rept. Lias. Form.’ (Mon. Pal. Soc. 1881) pt. ii. p. 103. 
+ “ Notes on Osteology of Baptanodon,” Mem. Carnegie Museum, vol. ii, (1906) p. 328, fig. 3. 
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below and parallel with the alveolar border is marked by a deep groove, into which 
several foramina open; anteriorly this groove is replaced by a number of irregularly 
placed foramina. On the inner side the dentaries of opposite sides unite in the 
middle line for a little more than the anterior half of the total length of the symphysis, 
being separated in the posterior portion by the splenials. In their symphysial region 
the dentaries unite by their flattened upper and lower borders, between which they are 
concave from above downwards. ‘The surface covered by the splenial seems to have 
been nearly flat, and posteriorly, as already mentioned, the thin posterior extension of 
the bone is wedged in between the coronoid and surangular. The upper surface of 
the dentary bears the broad and not very deep alveolar groove, in which the presence 


Text-fig. 20, 


































































































Posterior portion of left ramus of mandible of Ophthalmosaurus: A, inner side; B, outer side. 
(R. 2180, + nat. size.) 


ang., angular bone; art., articular bone; art.s., articular surface on surangular ; ¢., c’., coronoid-like processes 
on surangular; cor., coronoid bone; cor.e., backward extension of coronoid bone beneath the articular ; 
dent., dentary bone; g., groove on outer face of surangular ; l.p., lower process at anterior end of the 
splenial bone; s.ang., surangular bone; spl., splenial bone; ¢., tuberosity on upper border of sur- 
angular; v.p., upper process at anterior end of the splenial bone. 


of teeth is indicated by a number of transverse ridges, strongly marked in front but 
becoming less distinct further back. The outer border of the groove is comparatively 
broad and rounded, the inner thinner and sharper—particularly posteriorly, where it 
is reinforced by the upper border of the splenial, and by which still further back it is 
replaced. 

The splenial (spl.) is a very large bone, which, as above mentioned, extends into the 
posterior half of the symphysis: at its thin anterior end it is divided by a large cleft 
into an upper and lower process, the inner face of each bearing a roughened surface 
for union with its fellow of the opposite side; probably the posterior end of the cleft 
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represents the foramen figured by Gilmore*, but if so it was entirely concealed within 
the symphysis. The upper border of the bone is rounded and helps to form the inner 
wall of the posterior part of the alveolar groove. Behind this it thins, and its upper 
border slopes away till it terminates in a point about the level of the coronoid process. 
The outer face is applied to the dentary in front, and to the coronoid and angular 
behind. Ventrally the anterior portion of the bone appears below the dentary and 
forms the lower edge of the mandible, but farther back it thins out and its lower 
border slopes up to its posterior termination, the posterior third or so of the bone 
lying entirely on the inner face of the ramus. 

The surangular (s.ang., text-figs. 20, 21) forms the upper border of the hinder 
portion of the mandible. It is a long bone, consisting of a pointed anterior prolonga- 


Text-fig. 21. 










































































Left surangular bene of Ophthalmosaurus: A, inner side; B, outer side. (R. 2740 about + nat. size.) 


ang f., facet for union with the angular; art.f., facet for union with the articular bone; art.s., articular 
surface ; c., c’., coronoid processes ; cor.f., facet for union with the coronoid bone; dent.f., surfaces of 
union with the dentary ; for., foramen on outer surface of bone; g., groove running forwards from 
the foramen ; ¢., tubercle at hinder end of articular surface. 


tion and a much broader posterior articular portion. It is partly concealed in front 
by the overlapping of the dentary, but below this the surface is exposed and bears a 
very deep longitudinal groove (g.) into which a foramen (for.) opens posteriorly. 
The inner face of the anterior portion is flattened and covered first by the dentary 
and behind this by the anterior expansion of the bone here called the coronoid (cor.) ; 
this, however, diverges from it posteriorly, and slopes away so that for some distance 
its inner face is exposed. Behind this point comes the articular bone (art.), closely 
adherent to the inner face of the surangular. The upper border of the bone is 
rounded in front, but posteriorly becomes thinner, and is raised into two blunt 
processes, one directed upwards, the other a little further back directed somewhat 


* “ Notes on Osteoiogy of Baptanodon,” Mem. Carnegie Museum, vol. ii. (1906) p. 327, fig. 1. 
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- inwards; these seem to be functionally coronoid processes, the posterior one especially 
having roughened surfaces for muscle-attachments. Behind these again the upper border 
spreads out laterally and is deeply concave, the concavity being marked off posteriorly by 
a prominent tubercle (¢), behind which is the thin upper edge of the expanded portion 
which, as above described, bears the articular on its inner face. Ventrally the sur- 
angular receives the upper border of the angular in front, while behind its outer 
face is extensively overlapped by that bone. 

The angular (ang.) forms the lower border of the posterior part of the mandibular 
ramus ; it consists of an elongated ventral portion, the upper edge of which, as just 
mentioned, interlocks with the ventral border of the surangular; below and internally 
it is closely united with the splenial. Posteriorly it widens out and forms the postero- 
inferior angle of the jaw; in this region it extensively overlaps the surangular 


Text-fig, 22. 
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Right articular bone of Ophthalmosaurus: A, inner surface; B, outer surface. (R. 2180, 2 nat. size.) 


ang,f., facet for the angular bone; a.s., anterior surface ; cor.f., facet for the backward prolongation of the 
coronoid bone; i.s., inner surface; p.s., posterior surface; sur.ang.f., facet for the surangular bone. 


externally, while internally it is firmly united to two distinct facets on the lower edge 
of the articular (q¢.v.). On its inner side also its upper edge unites with the backward 
prolongation of the coronoid. 

The coronoid (cor.) is situated entirely cn the inner face of the ramus, and does not 
project above it, the prominences on the surangular apparently replacing the true 
coronoid process. In front the bone is deep and thin, and is wedged in between the 
dentary on the inner, and the surangular on the outer side. Farther back it narrows 
and is separated from the surangular by a deep fossa, which is closed behind by the 
anterior end of the articular. Posteriorly the bone sends back a long process to the 
hinder end of the jaw, wedged in between the lower side of the articular and the upper 
border of the angular. 

The articular (art., text-figs. 20, 22) is a cartilage-bone quite different in texture 
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from the other elements of the mandible. Its inner free surface is convex from - 
above downwards, and also from before backwards in its anterior half; posteriorly it 
is gently concave in the latter direction. Ventrally the inner surface is produced a 
little downwards, the inner concave surface (cor,f.) of the expansion receiving the 
posterior end of the coronoid. The gently concave anterior face (a.s.) is roughly 
semicircular in outline, the straight side being external and in contact with the 
surangular. ‘The posterior end ( p.s.) is slightly convex in all directions, and is 
narrowed below both internally and externally by the surfaces for the coronoid and 
angular respectively. Looked at from the outer side, the greater part of the face is 
occupied by a deeply concave facet for union with the surangular, while at the postero- 


Text-fig. 23, 
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Restoration of the skull and mandible of Ophthalmosaurus. (About 4 nat. size.) 


ang., angular; art., articular; 6.0c., basioccipital; dent., dentary; f., foramen between the quadrate and 
quadrato-jugal ; 7., jugal ; 7., lachrymal; m., maxilla; »., nasal; nar., external nares; par., parietal ; 
pmx., premaxilla; po.f., postfrontal ; p.orb., postorbital ; prf., prefrontal; q., quadrate ; ¢.j., quadrato- 
jugal; s.ang., surangular; scl.r., sclerotic ring; spl., splenial; sq., squamosal; s¢t., stapes; sup.t., 


supratemporal. 


inferior angle is another facet for union with the angular, though the most extensive 
junction with this bone is effected by a roughened surface truncating its inferior 
border. ‘The articulation with the quadrate seems to have been formed by the anterior 
face of the articular and the outwardly-turned upper border of the posterior part of 
the surangular. 

The above account agrees very closely with that given by Gilmore for Baptanodon, 
and still further confirms the probable identity of that genus with Ophthalmosaurus. 
Gilmore’s figures* given in this second paper should be compared, especially his text- 
figures on p. 327 and plate xxxvi. of the work quoted below. 


* « Notes on the Osteology of Baptanodon,” Mem. Carnegie Museum, vol. ii. (1906) p, 325. 
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Dentition (PI. I. figs. 1-8).—The dentition both in the upper and lower jaw seems 
to be undergoing reduction. This is shown by the relatively small size of the teeth, 
and, in the adult, by their apparent absence from the hinder part of the jaws, where 
no traces of alveolar divisions can be seen in the dental groove. In the young the 
front of the jaw bears numerous closely-set teeth, in one case as many as eleven ina 
space of 7 cm. (Pl. I. figs 7 and 8). In this case the teeth are in actual contact with 
one another, and are inclined a little backwards. In older jaws the tecth in nearly all 
cases have fallen out, their former position in the wide dental groove being marked by 
a series of alveolar pits, which are separated from one another by transverse rounded 
ridges. The latter are very distinctly marked on the front of the jaws, but become 
fainter and fainter as they are followed backwards, till they finally disappear altogether. 
Judging from the relative smalluess of the teeth and the large size of the alveolar pits, 
it would appear that the teeth in the adult must have been very loosely implanted in 
a soft gum, the putrefaction of which after death would account for the detached 
condition in which the teeth are ordinarily found. In some cases, as in other Ichthyo- 
sauria, the roots of the teeth are marked by a deep pit resulting from the absorption 
of their substance before the advancing point of a replacing tooth. 

The teeth themselves vary considerably in form, some being much curved, others 
nearly straight. ‘The crowns (Pl. I. figs. 2 and 4-6) are sharply-pointed cones; they 
are usually curved and nearly circular in section; they are covered with a fairly thick 
coat of enamel, which in the middle portion of the crown is raised into longitudinal 
ridges which disappear towards the tip and the root. Beneath the enamel-clad crown 
the tooth thickens considerably, and the smooth dentine is exposed or at most covered 
with a very thin layer of cement (PI. I. fig. 3); in this region there are sometimes 
rounded ridges running round the tooth. Lower down the dentine is thickly covered 
with cement, and is thrown into strong longitudinal folds; in some cases (PI. I. fig. 1) 
these are so deep that their inner ends meet and enclose a small separate portion of the 
pulp-cavity. ‘This cavity is very small in the crown, but lower down widens out and 
near the base is filled with a loose network of cement (see Pl. I. figs. 1 and 3). 

The hyoid arch is represented only by a pair of elements (the ceratohyals?). They 
are curved and flattened bars of bone, widening out gently towards their extremities, 
which are abruptly truncated at right angles by surfaces that appear to have been 
tipped with cartilage during life. Towards the ends of the bone the walls are 
frequently crushed in, as if the interior had been hollow or at least filled with 
comparatively soft tissue. 

Vertebral Column (text-figs. 24-31).—In all the specimens hitherto examined the 
centra of the axis and atlas vertebre are already fused together, though in some cases 
the line of junction is still plainly visible (text-fig..24, D). The anterior face of the 
atlas is deeply cupped and is roughly triangular in outline, the angles being rounded 
off. ‘The ventral angle is further truncated by a roughened surface (w.d.f.) looking 
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‘Text-fig. 24. 





Centra of the atlas and axis of Ophthalmosaurus: A, anterior surface, and B, lateral surface of an uncrushed 
specimen (R. 2150 a); ©, anterior surface, and D, lateral surface of a young specimen (R. 2175) ; 
E, anterior surface, and F, lateral surface of a somewhat compressed specimen (R. 2152), (All 3 nat. 


size.) 


d., d.', diapophyses ; n.c., neural canal ; n.f., ».f.', surfaces for neural arches; p., p.', parapophyses ; 
w.b.f., w.b.f.', facets for subvertebral wedge-bones. 
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downwards and forwards and marking the position of attachment of the anterior sub- 
vertebral wedge-bone. The upper border of the centrum is divided into three slight 
concavities, the median one forming the floor of the neural canal (n.c.), the anterior 
border of which is here usually rounded off, while the two lateral concavities (n.f.) are 
the surfaces for union with the neural arch. These latter surfaces are continuous with 
the diapophyses, the degree of development of which, as well as of the parapophyses, 
varies greatly in different individuals and even on opposite sides of the same atlas. 
Thus the diapophysis (d., d.’) may be a clearly-defined, elongated, triangular surface, 
and the parapophysis (p., p.) an equally clearly-marked round tubercle, situated on 
the side of the centrum, nearer its posterior than its anterior edge: when this is so, 
the arrangement of the surfaces on the axis is similar (see text-fig. 24, F). In other 
specimens the parapophysis of the axis seem to have shifted forwards to the anterior 
edge of the centrum (text-fig. 24, D), and may unite with that of the atlas to form a 
single bony prominence. In some young examples the parapophysis may be confluent 
with the diapophysis. 

As already mentioned, the azis is already fused with the atlas in the youngest 
specimens found, and no trace of the line of junction remains in the region forming 
the floor of the neural canal, though its position may be marked by a groove round the 
remainder of the centrum. ‘The surfaces for the neural arch are separated from the 
corresponding facets of the atlas by transverse ridges, and are continuous externally 
with the diapophyses. As above noticed, the parapophysis may be confluent with 
that of the atlas, but more frequently is separable and situated near the posterior 
border of the centrum. ‘The posterior face of this vertebra is roughly triangular and 
deeply concave: in some specimens there is a slight oblique truncation of the lower 
angle (w.b,f.), which probably indicates that a subvertebral wedge-bone between this 
and the third cervical was present; but neither it nor either of the anterior wedge- 
bones has been seen 7m situ, although that between the skull and the atlas was 
certainly present and that between the atlas and axis probably so. In the atlas and 
axis, as in the centra of the succeeding vertebre, very great variability in length is 
observable in different individuals, and this is often so marked that it might easily 
be regarded as a character of specific value. Further examination shows that these 
differences are merely due to compression, the centra being frequently telescoped, as it 
were, till they may be little more than half their original length (see text-fig. 31, A, B), 
often at the same time showing little or no distortion in other directions. This seems 
to be the result of the giving way of the inner spongy tissue. Apart, however, from 
differences of form that can be thus explained, the variability in the shape of the 
vertebra is very considerable; but since intermediate forms between the extremes are 
usually to be found, it appears most probable that these differences may be regarded 
merely as individual variations, such as might easily occur in an imperfectly ossified 
skeleton in which much cartilage persisted throughout life. 
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The centrum of the third cervical (text-fig. 25) is, like that of the axis, somewhat 
triangular, or perhaps rather pentangular in outline; it narrows somewhat ventrally, 
and bears on the mid-ventral line a fairly strongly-marked hypapophysial ridge. Both 
the anterior and the posterior faces are deeply cupped, and, in the type specimen at 
least, the whole of these faces, except a narrow rounded border, is concave; so that 
the statement that in this genus the concavity is confined to the central portion of the 
centrum and is surrounded by a flattened area, is not correct, except in the case of 
some specimens which have been somewhat crushed. The surfaces (n.f.) for union 
with the neural arch are deeply concave, and extend from end to end of the centrum ; 
in front they are connected laterally with the diapophysial surfaces. The parapophyses 
are distinct tubercles, ending in a flattened or slightly concave surface ; in this region 


Text-fig, 25. 
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Centra of anterior cervical vertebra of Ophthalmosaurus, from left side. (R. 2135, 2 nat. size.) 


d., diapophyses ; n.f., facets for neural arches; p., parapophyses ; w.h.f.,, w.b.f.,, facets 
for the first and third subvertebral wedge-bones. 


they are situated not quite halfway down the side of the centrum and rather nearer 
the anterior than the posterior border. ‘The next few vertebre are very similar, except 
that at about the fifth their ventral surface becomes evenly rounded from side to side, 
the hypapophysial ridge disappearing ; the degree to which this ridge is developed varies 
considerably in different individuals. As the vertebre are followed backwards the 
centra become more circular in outline, the surfaces for the neural arch become longer 
and narrower, and the diapophyses separating from them (at about the 19th vertebra) 
shift lower and lower on the side of the centrum. This downward movement is also 
shared by the parapophyses, though to a less degree, so that about the 38th vertebra 
the diapophysis joins the papapophysis, the resulting faces being situated low down 
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on the side of the centrum, the ventral face of which is here somewhat flattened. ‘The 
vertebra in which the union of the two processes takes place is regarded as the first 
caudal.. In the portion of the precaudal region in which the diapophyses are distinct 


Text-fig. 26. 








Dorsal and caudal vertebrae of Ophthalmosaurus: A, last dorsal and two anterior caudal vertebrae from the 
left side; B, anterior dorsal, posterior face; C, anterior caudal, posterior face. (Type specimen, 
R, 2133, 2 nat. size.) 


d., diapophysis ; n.c., floor of neural canal ; n.f., facet for neural arch ; p, parapophysis; ¢.p., transverse 
process (combined diapophysial and parapophysial prominences). 


from the neurapophyses, they are situated a little farther forwards than the para- 
pophyses, and in the anterior part of this region they are nearer the anterior than the 
posterior border of the centrum. Throughout this region the anterior and posterior 
surfaces of the centra are fairly deeply concave, and although the sides of the concavity 
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become steeper towards the centre, there cannot be said to be any flattened area 
round the periphery. 

In the anterior caudal region (text-figs. 26, A, C, and 27, A, B) the form of the 
centra is very similar to that of the posterior dorsals, but, in addition to the general 
concavity of the anterior and posterior faces, there is often a deep pit in the middle of 


Text-fig. 27. 





Caudal vertebree of Ophthalmosaurus: A, anterior caudal from front; B, ditto from side; C, middle caudal 
vertebra (at bend of tail) from front ; D, ditto from side; E, vertebra from just behind bend of tail, 
from front; F, ditto from side. (R. 3534, 2 nat. size.) 


c., facets for chevrons ; 7.a., neural arch; x.c., neural canal; r., rib. 


the centrum, which is thus nearly perforated. In this region the ribs are small 
irregular nodules of bone (7., text-fig. 27, A, B), and seem to have been of this form 
till they disappear altogether. In the middle caudals the single oblique rib-facet 


extends the whole width of the centrum, and appears to be higher up the side owing 
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to the greater transverse convexity of the ventral surface. Above the rib-facet the 
sides are somewhat flattened and the neural surface is still nearly as broad as in the 
dorsal region; the rounded and as it were unfinished edges of the centrum show that 
a good deal of cartilage persisted in this region of the column, even in advanced life. 
Posteriorly the tail seems to have narrowed very rapidly, and the centra become first 
more rounded, then somewhat compressed laterally, so that they are deeper than wide, 
and at the same time the rib-facets disappear. ‘This continues till two or three 
vertebre of peculiar form (text-figs. 27, C, D, and 28, A, B) are reached. These seem 
to mark the point where the downward ftexure of the column occurs ; their centra are 
much deeper than wide and at the neural border are considerably longer than at the 


Text-fig. 28. 





Caudal vertebree of Ophthalmosaurus : A, centrum of vertebra at bend of tail from front ; B, ditto from side ; 
©, posterior caudal (some distance behind bend) from front ; D, ditto from side. (R. 2169, nat. size.) 


e.f., facets for cheyrons ; x.c., floor of neural canal ; n.f., facets for neural arch. 


ventral. ‘The concavities of the articular faces of the centra are surrounded by a 
broadly convex border; the middle of the depression bears a deep pit, marking the 
position of the notochord. The neural canal here forms a narrow deep groove, with 
the facets for the neural arch raised considerably above its floor. Both in these 
vertebrze and in a considerable number in front of them, the facets for the chevrons 
are well marked, Behind the bend of the tail come a large number of vertebre in 
which ossification seems to be much more extensive (text-figs. 27, E, F, and 28, C, D) 
than in the anterior caudals, all the borders and surfaces being, as it were, neatly 
finished and sharply defined: this may result from the circumstance that these 
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vertebrae were perhaps more mobile and more directly affected by definite strains 
and stresses from the outside. In them the centra are deeper than wide, evenly. 
concave, without rounded borders, and have a neural surface wider than it is in some 
of the larger vertebre in front; at the same time the neurapophysial ridges are iess 
prominent. No pleurapophyses are present in this region. 

In all cases the neural arch is found separated from the centrum clearly in conse- 
quence of the persistence of cartilage at the junction between the two; in a few 
instances it has been possible to refer the arches to the centra to which they actually 
belonged, but in most cases this is not possible. 

In the first few cervical vertebre the arch consists of two distinct halves, which 


Text-fig. 29. 





Left half of the neural arch of an anterior cervical vertebra of Ophthalmosaurus: A, inner side; 
B, from front; C, outer side. (R. 2180, 2 nat. size.) 


a.s., anterior surface on inner face of neural spine for union with opposite half ; a.z., anterior zygapophysis ; 
n.f., facet for articulation with centrum ; n.sp., neural spine ; p.s., posterior surface of inner face of 


spine; p.z., posterior zygapophysis. 


unite above to form the neural spine, and it seems possible that there may have been 
a median element in this region, though this is not certain. Each of the two halves 
(text-fig. 29) consists of the pedicle terminating below in a rounded roughened facet 
for union with the centrum. This widens out above and bears the anterior and 
posterior zygapophyses, the former forming a strong prominence, while the latter 
forms an oblique surface on the postero-ventral border of the spine. ‘This latter is a 
high compressed plate of bone, the outer face of which is smooth, while the inner bears 
two surfaces separated by a slight ridge: the anterior surface is roughened, apparently 
for union with the other half of the arch; the other surface indicates that this posterior 


portion overlaps on to the outer surface of the anterior half of the arch behind. The 
G2 


44 MARINE REPTILES OF THE OXFORD CLAY. 


anterior border of the spine runs down as a strong crest on the inner side of the zyga- 
pophysis, which in this region was thus completely separated from its fellow of the 
opposite side. The posterior zygapophyses also seem to have been separated from one 
another, though not so clearly. 

In the posterior cervical and dorsal regions the neural arches show no signs of 
division into two halves, and at the same time the anterior and posterior zygapophyses 
become confluent in the middle line, so that there is only a single anterior, and a 
single posterior median articular surface (text-fig. 30), as in the later species of 
Ichthyosaurus. ‘The neural spine is a high plate of bone, sloping a little backwards 
and abruptly truncated almost at right angles at its upper end, which bears a shallow 


Text-fig. 30. 











Neural arch of a dorsal vertebra of Ophthalmosaurus; A, from front; B, from side; 
C, from back. (R. 2137, 2 nat. size.) 


a.z., anterior zygapophysis ; n.c., neural canal; n.f., facets for union with centrum ; 
n.sp., neural spine ; p.z., posterior zygapophysis. 


groove, apparently indicating that in life it was tipped with a crest of cartilage. The 
neural arch is high, but not very wide; the ends of the pedicles are deeply grooved, 
showing that they were capped with cartilage, the persistence of which, as above 
mentioned, fully accounts for the almost invariable separation of the arch from the 
centrum in the fossils. 

In the middle caudal region the neural canal becomes very small and the arch very 
small, the spine being scarcely at all developed (text-fig. 27, A, B) and the zyga- 
pophyses entirely wanting. At the region where the downward bend takes place 
(text-fig. 27, C, D) the arches are stout M-shaped bones, the upper part of which 
forms a thick blunt spine projecting a little backwards, A little behind the bend 
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(text-fig. 27, KE, F) in the region of the tail-fin the arches become rather higher and more 
compressed, the spine sloping slightly backwards. ‘The canal is small and is higher 
than it is wide; its lower portion is enclosed between the projecting processes of the 
centrum, with which the arch articulates. 

The dorsal ribs (text-fig. 31, C, D) are long and comparatively stout. At the 
proximal end the capitular and tubercular facets are widely separated, the forking of 
the upper end being deeper than in most Liassic forms. ‘The capitular facet (h.) is 
the larger and nearly circular in outline, while the smaller tubercular facet (¢.) is 


Text-fig. 31. 





Sections of vertebral centra and the upper end of a dorsal rib of Ophthalmosaurus: A, vertical section 
through uncrushed vertebral centrum; B, vertical section through centrum of a crushed vertebra 
belonging to the same individual as last; C, posterior face of upper end of dorsal rib; D, anterior 
face of ditto. (A, B, R. 2180; C, D, R. 2137, 2 nat. size.) 


h., head of rib; ¢., tubercle of rib; s., roughened ridge for muscle-attachment. 


somewhat compressed from before backwards, its anterior border being nearly straight. 
The body of the rib is compressed from before back, but is so thickened along its outer 
side that both the anterior and posterior surfaces present the appearance of being 
grooved, the concavity being most marked on the posterior surface. On this surface 
near the upper end of the rib the upper border bears an elongated roughened surface 
(s.) for muscle-attachment. ‘Towards their ventral ends the ribs become more rounded 


in section. 
In the caudal region the single-headed ribs become reduced to mere nodules of bone 
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(text-fig. 27, A, B), and finally disappear altogether a little in front of the point where 
the vertebral column bends downwards. 

The ventral ribs seem to have been very slender and slightly developed, but they are 
not sufficiently known for description. 

Shoulder-girdle and Fore Limb.—The shoulder-girdle of Ophthalmosaurus has already 
been described in some detail by Prof. Seeley *, and, in fact, it is upon the characters of 
this part of the skeleton that the genus is founded. Unfortunately, however, the 
coracoids and one of the scapule of the type specimen are diseased and altogether 
abnormal, the left scapula, in fact, being an almost shapeless mass of bone, with which 
the upper end of the left clavicle is fused: probably this abnormality is due to 
extensive injuries received when the animal was comparatively small. The left 
coracoid, figured by Prof. Seeley, has a deep notch in its posterior border not found in 
normal specimens: this peculiarity led to some errors in the original account subse- 
quently corrected by the author. Later descriptions were founded on a nearly 
perfect shoulder-girdle, which has been figured by Prof. Seeley { and forms the basis 
of the present account. The closely similar shoulder-girdle of Baptanodon discus has 
been figured and described by Gilmore §. 

The coracoids (text-fig. 32) are broad plates of bone thickening greatly towards 
their inner edge and to a less degree towards the outer edge. The inner thickening 
(text-fig. 32, C) terminates in a rugose oval surface, placed somewhat obliquely, for 
union with the opposite member of the pair, there being a pad of cartilage between 
the two, except perhaps in very old individuals. The upper (visceral) surface is 
concave from side to side, but the anterior half, owing to the thickening of that 
region, is convex from before backwards, while the comparatively thin posterior 
portion is concave in the same direction. The ventral surface is, speaking generally, 
gently convex from before backwards and concave from side to side. The thin 
posterior border is evenly convex and in life was fringed with cartilage, as is shown 
by its irregularly grooved edge. ‘The outer border is occupied mainly by the large, 
nearly flat glenoid surface, which in life was no doubt covered with cartilage. It widens 
out from behind forwards, and anteriorly is coterminous with the facet for union with 
the scapula: this surface makes an angle of about 135° with the glenoid facet; it is 
nearly triangular and was covered with cartilage. ‘The outer half of the anterior 
coracoid border, immediately internal to the scapular facet, is thin and sharp-edged ; 
it is deeply concave, forming a sharply-defined notch or bay. ‘This notch seems to 
represent the remains of the sharp anterior border of the originally much more 


* Quart. Journ, Geol. Soc. vol. xxx. (1874) p. 696, pls. xlv., xlvi. figs. 1, 2; also Proc. Roy. Soe. vol. liv, 
(1893-4) p. 149. 
+ Proc. Roy. Soc. tom, cit. p, 151. 


1 Loe. cit. 


§ ‘* Osteology of Baptanodon,” Mem. Carnegie Museum, vol. 1i. pp. 108-113, text-figs. 21-22, pl. xii, 
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elongate coracoid, such as occurs in the more primitive members of the group—e. g. 
in Shastasaurus osmonti, from the Trias of Northern California, the coracoid of which 
is figured by Merriam*. The present condition of this notch is due to the great 
expansion of the bone generally, and there seems to be no sufficient evidence for the 
view that it formed the posterior border of a foramen closed in front by a precoracoid 


Text-fig. 32. 








Left coracoid of Ophihalmosaurus: A, outer end; B, upper surface ; C, inner (symphysial) end. 
(R. 2137, 3 nat. size.) 


an., anterior notch; cor.f., surface for union with opposite coracoid ; gl.f., glenoid facet ; 
p.b., posterior border ; scap.f., facet for scapula. 


cartilage; certainly, even in the earliest forms there is no trace of any ossified pre- 
coracoid. No doubt the short anterior prolongation of the coracoid internal to the 
notch was capped with cartilage, as also was the inner process of the scapula, but there 
is no evidence that these two cartilages ever joined to enclose a fenestra. 

The scapula (text-fig. 33) is greatly expanded towards its lower end, which is also 
greatly thickened posteriorly, while anteriorly it is thinner, and towards its anterior 


* Bull. Dept. Geol. Univ. California, vol. iii, (1902-4) pl. x. See also coracoid of Shastasaurus 


alewandre, figured op. cif. pl. xu.. 
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border bent downwards. The thickened portion terminates in a broad cartilage- 
covered surface, the widest posterior end of which forms the front of the glenoid 
cavity (gl.f.), while in front of this is the articular surface (cor.f.) for union with the 
coracoid. In front of this again the free lower border of the bone may either 
have been bordered with cartilage, or in old individuals may become smooth and 
rounded, forming, according to Professor Seeley’s interpretation, the outer edge of a 
fenestra, the other sides of which are constituted by the notch of the coracoid and 
a precoracoidal cartilage. In front of this, as far as the antero-internal angle, the 
inner border is again thickened and deeply grooved and pitted for union with the 


Text-fig. 33. 























Scapula of Ophthalmosaurus: A, from above ; B, proximal end; C, proximal end of scapula of the 
type specimen. (A & B, R. 2137; CO, R. 2133: about 3 nat. size.) 


a.a., acromial angle; cl.f., facet for clavicle ; corf., facet for union with coracoid ; 


glf., glenoid surface ; s.sc.b., suprascapular border. 


cartilage which, according to the views just referred to, was continuous with that 
capping the anterior border of the inner side of the coracoid and was homologous 
with a precoracoid element. ‘The upper (visceral) face of the expanded portion of the 
scapula is flat or slightly concave and is deflected sharply downwards in front, as 
mentioned above; the degree of deflection of this anterior border differs very 
considerably in different specimens, but in no case is a broad flat anterior surface 
formed for union with the clavicle, such as is figured by Gilmore (op. cit.) in the 
shoulder-girdle of Baptanodon; there may, however, be an extension of the rough 
clavicular surface, best marked on the anterior edge of the blade of the scapula, so 
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that the union with the clavicle may have extended to this deflected portion, which 
Professor Seeley regards as equivalent to the acromion process. The ventral surface is 
concave from before backwards. The blade is narrow and is slightly curved upwards ; 
it is nearly the same width throughout, widening only a little towards its upper end, 
which is truncated nearly at right angles by a surface which seems to have borne a 
cartilaginous lip cr suprascapular cartilage in life. The anterior, slightly concave 
border of the blade is rounded from above downwards, aud the lower portion of its 
inferior edge bears a long roughened surface for union with the clavicles; in some 
cases the roughened area at this point is so marked that it forms a slight projection, 
which might perhaps be regarded as a sort of acromion process. The posterior border 
of the blade is also roughened, presumably for the insertion of muscles. 

The clavicular arch (text-fig. 34) consists of a pair of clavicles and a T-shaped inter- 
clavicle. The clavicles (text-fig. 34, A, B, C) are long curved elements terminating 
externally in a point and internally in a complex and irregular sutural border, by 
which they interdigitate and unite more or less firmly in the middle line, being 
further keyed together by the anterior bar of the interclavicle. The external portion 
is more or less oval in section and bears on its posterior side a roughened surface for 
ligamentous union with the corresponding surface on the front of the scapula above 
referred to. Internal to this outer horn-like portion the bone widens out and consists 
of a thickened anterior rim from which a thinner shelf-like region projects upwards 
and backwards almost at right angles, the two forming the deeply grooved inner surface 
to the bone (text-fig. 34, C, z.cl.g.). It is into this groove towards the median portion 
of the bone that the arm of the T-shaped interclavicle fits, the union in some cases 
being extremely close and perhaps in old individuals in places amounting to actual 
fusion of the two elements. ‘The antero-dorsal surface of the clavicle is smoothly 
convex from before backwards in its outer portion, but towards the middle it bears 
several strong ridges which terminate in the digitations of the median sutural surface. 

The interclavicle (text-fig. 34, D, E, F) consists of an anterior transverse bar and a 
posterior median process. ‘The anterior portion thins away towards each end, 
terminating in a blunt point. Dorsally it is deeply grooved like the clavicles, its 
anterior nearly flat face making about a right angle with the rounded ventral portion, 
which is raised in the middle into a roughened boss of bone: this remains uncovered 
by the clavicles, which embrace the remainder of the ventral and the lower portion 
of the anterior face of the transverse bar (text-fig. 34, D, F). ‘The posterior bar has 
its ventral face convex from side to side, while the dorsal is convex anteriorly, but 
posteriorly bears an elongated flattened facet (cor,f.) which must have been applied 
to the ventral surface of the intercoracoidal cartilage, or perhaps in old individuals to 
the ventral surface of the coracoids themselves. 

The humerus (text-figs. 36 & 37) is a short but very massive bone, the upper end 


being particularly solid, while the lower is compressed in the plane of the paddle. 
H 
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Text-fig. 34. 
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Clavicle and interclavicle of Ophthalmosaurus: A, right clavicle from front; B, ditto from behind ; 
C, section across A at the line c-c; D, interclavicle from below; E, from above; F, section across 
clavicle and interclavicle along the middle line of the latter. (R. 2137, about 2 nat. size.) 


c—c, line of section drawn in fig. C; el., clavicle ; cl.f., facet for clavicle ; cor.f., facet for coracoid or inter- 
coracoidal cartilage ; g., groove in upper surface of transverse bar of interclavicle; %.cl., interclavicle ; 
v.cl.g., groove in upper surface of clavicle for the reception of the anterior bar of the interclavicle ; 
k., knob on ventral face of interclavicle; 7., ridges on anterior face of clavicle; s., interdigitating 
suture of clayicles; scap.f., facet for anterior border of scapula. 
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‘The description of the humerus is rendered difficult by the circumstance, that all the 
specimens in the collection are free and not in their natural position in relation to the 
rest of the skeleton, as they usually are in the specimens of the Liassic Ichthyosaurs. 
Consequently it has not been easy to determine with certainty which is the right and 
which the left, and therefore also which is the dorsal and which the ventral (palmar) 
face. <A further difficulty is also introduced by the fact that when these animals died 
the paddles seem sometimes to have fallen over on to their dorsal surface, even when 
the remainder of the skeleton clearly rested on its ventral face. The position of the 
paddles in several specimens has been carefully noted by Mr. A. N. Leeds, and 
the following determination of the right and left, and of the upper and lower face, 


Text-fig. 35, 





Upper surface of restored shoulder-girdle of Ophthalmosaurus. (R. 2137, about 4 nat. size.) 


cl., clavicle ; cor., coracoid; i.cl., interclavicle ; sc., scapula. 


depends mainly on his observations. It should be noted that the account of this bone 
and of the femur given in the ‘Geological Magazine’ (dec. 5, vol. iv., May 1907, 
p. 202 *) is erroneous so far as these points are concerned. 

In the following description the limb is supposed to be in such a position that the 
expanded paddle has its palmar (ventral) surface looking downwards and backwards, 
and making an angle of about 45° with the vertical. 

‘The direction of the paddle with reference to the proximal end of the humerus is 
marked in text-fig. 36 by the line a—0, a being uppermost. In this case the border 


* See also Geol. Mag. [5] vol. y. p. 96. 
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of the proximal end which is marked J.d, in the figure, will be nearly vertical, and p.d. 
will form the upper edge, which is somewhat curved and makes an angle a little 


Text-fig. 36. 
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Left humerus of Ophthalmosaurus : A, proximal end; B, ventral (palmar) side; C, distal end; D, distal end 
of another example showing the preaxial prominences, (A-C, R. 2134; D, R. 2160: all 3 nat. size.) 


a.—b., line marking the direction of the distal expansion of the bone with reference to the proximal end ; 
a.b., lower border; d.r., deltoid ridge; 1.b., anterior border; p.d., upper border; p.f., facet for 
pisiform ; pr., pr.’, projections on anterior angle ; r.f., facet for radius ; u.f., facet for ulna. 


less than a right angle with /.6. Posteriorly it passes by a rounded angle into 
the posterior border, which forms a sigmoid curve, the lower end rising into the 
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auterior edge of a strong deltoid crest (d.7.), which extends somewhat obliquely down 
the shaft to a point a little above the middle. The lower border (a.d.) is somewhat 
convex and makes a right angle with the anterior face (/.0.). The whole of the 
proximal end of the bone is greatly roughened by a series of irregular rounded 
prominences, clearly indicating that in life there was a thick cap of cartilage which 
seems also to have extended on to the summit of the deltoid crest. ‘The appearance 
of this cartilage-covered region is quite unlike the nearly smooth and fibrous-looking 
surface of the shaft. 

The shaft is short and stout and is considerably contracted in the middle, at the 
same time becoming compressed dorso-ventrally ; its preaxial border is a sharp angle, 
while posteriorly it is more rounded. Distally the bone expands greatly, the long 
axis of the expansion making an angle of about 45° with the longest axis of the 
proximal end, as already described. The effect of this peculiarity is to give the bone 
the appearance of having undergone slight torsion. 

In many specimens the ventral surface of the distal expansion bears near its 
preaxial angle a prominent tubercle (pr.), while on the dorsal surface nearly opposite 
there is sometimes an even more prominent projection (pr.') which may form a 
blunt proximally-directed process. ‘These projections seem to have served for the 
insertion of the tendons of muscles; but it is remarkable that in many large and 
apparently quite adult specimens they are entirely absent, and not the smallest trace 
of muscle-attachments where these processes should be can be detected. It is difficult 
to suppose that this difference in the musculature can be a specific character, and it 
seems more probable that the presence or absence of the powerful muscles indicated 
by these processes was a secondary sexual character, a conclusion that is to some 
degree supported by the occurrence of about equal numbers of the two forms. ‘The 
distal articular surface bears three distinct facets, each concave and covered with 
rugosities indicating the presence in life of a covering of cartilage. The anterior 
or radial surface (7,f.) is smaller than that for the ulna and makes an angle of about 
135° with it. The ulnar surface (w.f.) is large and roughly quadrate in form, its upper 
and lower borders being convex, the anterior and posterior being formed by slight 
ridges separating it from the anterior (radial) and posterior (pisiform) facet (p.f.) 
respectively. ‘The posterior facet is much smaller than the others and sometimes not 
very distinctly marked off from the ulnar surface; it is triangular in outline and 
articulates with the bone which is here called the pisiform, that element of the 
proximal row of the carpus having apparently shifted back till it acquired a surface 
of union with the humerus. In some specimens the posterior facet is so small and 
slightly marked that it is clear that in these cases the pisiform was only just in 
contact with the humerus. ‘The articulation of this bone with the humerus is no 
doubt correlated with the increasing breadth of the paddle, but the same end seems 
to have been attained in other genera by different means. ‘Thus in the fore paddle 
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described by Mr. Boulenger* as the type of Jchthyosaurus eatremus it is clear that 
the third bone is the intermedium which is thrust between the radius and ulna, 
and articulates extensively with the humerus; this same condition is known in other 
species of Jchthyosaurus and appears in some cases to occur also in the hind paddle f. 
Beneath the humerus the remaining bones of the paddle form a mosaic (text-fig. 37), 
the proximal rows having been separated by comparatively thin layers of cartilage, 
while the more distal phalanges seem to have been embedded in a mass of that 
substance and separated from one another by considerable intervals. ‘The radius (text- 
fig. 57, 7.) is a pentangular or subquadrate bone, the anterior (outer) border of which 
is thin and sharp and continues the line of the radial border of the humerus ; 
internally the bone thickens greatly. Proximally it unites with the humerus and 
internally (postaxially) it usually touches the ulna, but the length of its contact with 
that bone varies greatly in different individuals according to the degree to which the 
intermedium is thrust between them.  Postero-internally and distally it has long 
surfaces for the intermedium (7¢.) and the radiale (rad.) respectively. ‘The ulna (u.) is 
a large subquadrate bone articulating with the humerus, usually to a greater or less 
degree with the radius, as already mentioned, with the intermedium and ulnare, and, 
finally, posteriorly with the pistform (p.). This, the third element articulating with 
the humerus, is of a somewhat doubtful character, though the interpretation here 
followed is now usually adopted. Prof. Seeley, in his original paper on Ophthalmo- 
saurus, called it the olecranon, and recently Prof. Williston has proposed for it the 
non-committal name—epipodial supernumerary. This element is oval, and its posterior 
border is thin, though it seems to have continued fringed with cartilage throughout 
life: the extent of its articulation with the humerus, as above noted, varies much, but 
in all cases is comparatively small. It may be stated at once that distally the pisiform 
articulates with a smaller oval element, which in its turn bears a small distal nodular 
bone (in some cases two), the whole apparently representing a rudimentary fifth digit. 
Leaving the pisiform and its appendages out of account, the manus may be described 
as consisting of a carpus (the proximal row of which consists of three bones, the distal 
of four), and four digits composed of a varying number of bones. A certain degree of 
variation in the arrangement of the carpal bones occurs, but that here described seems 
to be the normal one. Unfortunately in the paddle figured the second carpal of the 
distal row is much smaller than usual and presents somewhat the appearance of a 
centrale articulating between the intermedium and radiale, but its true character is 


* Proe. Zool. Soc. 1904, vol. i. p. 424, The horizon and locality from which Mr. Boulenger’s specimen 
came are not known, and he regarded the species as probably Liassic ; but a humerus of precisely similar 
type was lately obtained from the Kimmeridge Clay of Swindon by Mr. Arthur D. Passmore, so that it is 
likely that the type specimen is also from the later horizon, as from its extreme specialization would be 
probable. 

tT See Lydekker, Catal. Foss. Rept. Brit. Mus. pt. ii. p. 43, text-fig. 20. Also Fraas, ‘ Die Ichthyosaurier 
d. Siiddeutschen Trias- und Jura-Ablagerungen,’ pl. vi. fig. 4. 
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clear on comparison with vther specimens. In the proximal row of the carpus the 
largest element is the ‘ntermedium (int.): this bone thrusts itself to a varying degree 


Text-fig. 37. 
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Dorsal view of left fore paddle of Ophthalmosaurus. (R. 2853, } nat. size.) 
h., humerus ; tné., intermedium ; p., pisiform; r., radius; rad., radiale; u., ulna; wln., ulnare ; 
1-4, the distal row of carpals ; I-V, the number of the digits. 


between the radius and ulna; laterally it bears short facets for union with the radiale 
and ulnare, and distally it unites with the second and third elements of the distal row. 
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The radiale (rad.) is a rounded, somewhat pentangular bone, thinning towards its 
anterior edge, which, however, is not sharp as in the radius, but was fringed with 
cartilage throughout life; it articulates with the radius, intermedium, and the first 
and second of the distal carpals. The ulnare (uln.) is a roughly quadrate element 
articulating with the ulna, intermedium, and the third and fourth of the distal carpals ; 
it may also have been in contact with the pisiform. No centrale can be recognized. 
The four distal carpals are more or less oval or rounded in outline; the two middle 
elements articulate with the intermedium. ‘The remaining bones of the paddle are 
arranged in four rows, at least in most specimens, the more proximal being oval in outline, 
with the long axis transverse, while the more distal elements may be merely small 
rounded masses of bone. No specimen has been collected in which these bones have 
been retained in the matrix in their natural positions, so that there is some doubt 
as to their precise arrangement. In one of the best specimens carefully mounted 
by Mr. Leeds as found in the rock, the first digit consists of three elements, the second, 
third, and fourth of four each; but, judging from the other examples, the phalanges 
may have been more numerous, the terminals being represented by mere nodules of 
bone easily overlooked in remoyal. 

Another disadvantage of not having the paddles actually embedded in the matrix 
is that it is impossible to say whether any of the digits ever bifurcated, as sometimes 
happens in the Ichthyosaurs, or whether there were accessory ossicles along the 
margins of the paddles: in one example it seems possible that there was a small radial 
sesamoid which may have been in contact with the humerus and perhaps formed the 
proximal end of a rudimentary additional digit on the preaxial side of the fin. From 
examination of the best-preserved paddles, it seems that there is no reason for 
regarding the digits present as other than those of the primitive pentadactyl limb, and 
the type of structure might easily be derived from such a paddle as that of the Triassic 
Mixosaurus cornalianus as figured by Merriam * by way of some latipinnate Liassic 
Ichthyosaurus, as, in fact, has been suggested by Merriam f. 

Pelvic Girdle and Hind Limb.—The pelvis has undergone great reduction, con- 
siderably greater than in the Liassic Ichthyosaurs. It is improbable that the ilium 
articulated above with the sacral ribs, and the pubes and ischium are fused with one 
another at their proximal and distal ends, their original separation being usually 
marked only by a narrow slit-like foramen and occasionally a notch between their 
ventral ends. 

The tdium (text-fig. 38) is a curved sickle-like bone laterally compressed into a thin 
blade above, but thickening towards the acetabular end, where it terminates in 
a cartilage-covered surface, which in some specimens is distinctly divided into two 
portions, which make an angle with one another, one being the surface for union with 


* «Triassic Lchthyosauria,” Amer. Journ. Sci [4] vol. xix. (1905) p. 25, fig. 1. 
T Loe. cit. p. 27. 
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the pubis and ischium (/.), the other, the larger of the two, forming the upper part 
of the acetabulum (acet.). The inner face (i.s.) of the upper end of the blade bears 
an elongated roughened surface, which may indicate the persistence of some 
loose ligamentous connection with the vertebral column, ‘The pubis and ischium 
(text-figs. 39, 40), as already noticed, are fused together, and, as might be expected 
in bones undergoing reduction, they differ in form toa great extent in different 
individuals. The upper end of the fused bones is thickened considerably and 
terminates in cartilage-capped surfaces, the smaller of which is on the inner side and 
forms the articulation for the ilium (@.f(, text-fig. 40); the larger occupies the greater 


Text-fig. 38. 





Right ilium of Ophthalmosaurus (R. 2853, } nat. size): A, inner side; B, outer side. 


acet., acetabulum ; f., facet for union with the ischio-pubis ; 7.s., inner surface ; 90.s., outer surface. 


part of the proximal ends of the combined bones and formed part of the acetabulum 
(acet.). Ventrally the bones become greatly flattened from within out, so that at 
their lower end they form a thin plate of bone. About the middle of their length 
occurs the slit-like obturator foramen (0),f'), a persistent portion of the original 
separation of the two elements, which also is sometimes indicated by a notch at their 
distal ends. The ischiwm (isch.) is by far the larger of the two bones, forming a 
comparatively broad plate at its ventral end. The lower border is convex and it is 
doubtful whether the bone actually met its fellow in a median symphysis. The pubis 
(pu.) is relatively narrow, widening outa little ventrally, The fusion of the two bones 
1 
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at their upper end is so complete that no trace of their original separation is visible, 
and consequently the share of each in the articular surface for the ilium and in the 
acetabulum cannot be made out. 

The femur (text-fig. 41) is a very much smaller bone than the humerus, the relative 
lengths of the two being about as 2 to 3, while the difference in bulk is still more 
striking. ‘The proximal end of the bone is very massively constructed compared with 


Text-fig. 39. 
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Left ischio-pubes of Ophthalmosaurus: A, from outer side; B, proximal end ; C, inner side ; 
D, a second specimen from outer side (A, B, C, R. 2853, § nat. size). 


acet., acetabulum ; isch., ischium; 06.f., obturator foramen; pu., pubis. 


the distal end, and it agrees generally in form with the proximal end of the humerus. 
If, as in the description of the fore limb, we assume that the palmar face of the paddle 
looks downwards and backwards, making an angle of about 45° with the vertical, then in 
text-fig. 41, C, which represents the proximal end of the right femur, the line a—d shows 
the direction of the paddle, a being at the top. The border marked @.0. is ventral, 
while /.6. is anterior. ‘The large trochanter-like ridge d.r. forms the postero-inferior 
angle on the border, p.b. is at the top. As in the case of the humerus, the upper end 
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of the bone, including the upper part of the trochanteric ridge, is covered by coarse 
rugosities, showing that there was an external cap of cartilage. From the head the 
shaft narrows rapidly, at the same time becoming compressed dorso-ventrally towards 
the distal expansion, which is relatively smaller than in the humerus. Distally the 
femur articulates with two bones only, the tibia (¢.) and fibula (f-), the facets for which 
are shown in text-fig. 41, D (tf. & ff.). It will be seen in the specimen figured 


Text-fig. 40, 
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Left ischio-pubis of Ophthalmosaurus (2 nat. size): A, from outer side; B, proximal end ; C, from inner side. 


acet., acetabulum ; 7l.f., facet for ilium ; isch., ischium ; 0b.f., obturator foramen; pu., pubis; 
v.b., ventral border, 


that the smaller of these two bones is the tibia and that it is irregularly oval in outline, 
articulating proximally with the femur, distally with the tibiale and intermedium, and 
postaxially with the fibula, 

In some other specimens the ossification of the anterior edge of the tibia is more 
extensive, so that the anterior border is sharp and slightly concave, and the whole bone 
as large as or larger than the fibula. This latter is roughly pentangular in shape; it 

12 


60 MARINE REPTILES OF THE OXFORD CLAY, 


Text-fig. 41. 
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Right hind limb of Ophthalmosaurus (% nat. size): A, ventral face of right hind paddle; B, dorsal side 


of right femur; ©, proximal end of right femur; D, distal end of right femur. 


a.—b., line marking the direction of the long axis of the paddle in relation to the proximal end of the femur: 


a.b., ventral border; a.s., ventral surface; d.r., trochanteric ridge; f., fibula; f.f, fibular facet 


= 


fib., fibulare ; int., intermedium ; 1.)., anterior border ; p.b., dorsal border ; ¢., tibia; ti., tibiale; I-III, 


the number of the digits, 
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articulates with the femur proximally, the tibia anteriorly, and the intermedium and 
fibulare distally. Of the proximal row of carpals, the tibiale (¢ib.) is the smallest, the 
intermedium (?nt.) somewhat larger, and the fibulare (7d.) larger still, the increase in 
dimensions being mainly from side to side. As usual, the intermedium (ié.) joins 
both the tibia and fibula, its union with the former being the most extensive. The 
distal row of tarsals also consists of three oval elements, the middle one being the 
larger. In the most satisfactorily preserved hind paddle (text-fig. 41) there is a row of 
three metatarsals ; of these the middle one alone has a phalangeal ossicle articulating 
with it distally: probably there were other small nodules of bone representing phalanges 
which have been lost. It is clear that the hind paddle consisted of three digits 
(I.-III.) and has undergone extensive reduction. 


Ophthalmosaurus icenicus, Seeley. 
[Plate I.; text-figs. 1-42. ] 


“ 


1874. Ophthalmosaurus icenicus, H. G. Seeley, Quart. Journ. Geol. Soc. vol. xxx. pp. 696-707, 
pls. xlv. & xlvi. 

1889. , _ R, Lydekker, Catal. Foss. Rept. British Museum, pt. ii, p. 9. 

1890, os iS R. Lydekker, op. cit. pt. iv. p. 267, fig. 62. 

1905-6. Pe G C. W. Gilmore, Mem. Carnegie Museum, vol. ii. pp. 125, 336, 


Type Specimen.—An imperfect skeleton (R. 2133) in the British Museum. 

This species was originally founded by Professor Seeley on a shoulder-girdle, which 
occurred associated with the incomplete skull and skeleton of a single large individual 
(Pl. I. figs. 11-15; text-figs. 4, 26, 33 C). 

In the present Catalogue it has been found impossible to distinguish more than 
a single species. If only a few skeletons had been preserved several forms would 
probably have been recognised and named, since taken individually some specimens 
seem to differ very considerably from others. Moreover, if a single element of the 
skeleton, say the quadrate, were taken as a means of determining the species, 
several probably might have been distinguished, but these certainly would not corre- 
spond with the specific divisions that might be founded on other elements. In 
examining the immense collection made by Mr. Leeds and only in part catalogued 
below, it becomes clear that these Ichthyosaurs vary considerably in details of the 
structure of the various parts of the skeleton. The reasons for this extreme 
variability seem to be, (1) differences in the form of the bones resulting from the 
varying degree to which ossification has proceeded in a skeleton in which throughout 
life much cartilage persisted; (2) the mode of preservation of the bones and the 
degree to which they have been distorted by earth-pressure ; (3) differences in the age 
and sex of the individuals. It has therefore been thought best to refer all the 
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specimens to a single species, while at the same time admitting that future investigation 
may render possible the diagnosis of others. 

Form. & Loc.—Oxford Clay: England. 

All the following specimens from the Leeds Collection were obtained from the 
Oxford Clay in the neighbourhood of Peterborough. 


R. 2133 (Leeds Coll. 62). Imperfect skeleton, including the shoulder-girdle described and figured by 
Prof. Seeley in the Quart. Journ. Geol. Soc. vol. xxx. (1874) pp. 696-707, pls. xlv. & 
xlvi. figs. 1-2, as the type of the genus and species. The portions of the skeleton 
preserved include: the basioccipital (PI. I. figs. 13, 14), both quadrates (Pl. I. fig. 11) 
with portion of the squamosal attached, right and left stapes (Pl. I. fig. 12), left 
opisthotic (Pl. I. fig. 15), left parietal, and several other fragments of the skull; some 
sclerotic plates ; the posterior portion of the left ramus of the mandible ; a considerable 
portion of the vertebral column (text-fig. 26), including the atlas, axis, and thirty-five 
other precaudal vertebrae, together with twenty-one caudals mostly from the anterior 
part of the tail; a number of separated and imperfect neural arches and many fragments 

. of ribs ; the shoulder-girdle, of which only the right scapula (figured loc. ct. supra, 
pl. xlv. fig. 2) and part of the clavicular arch (pl. xlvi. figs. 1-2) are of normal shape, the 
other bones being deformed ; fourteen carpals and phalanges. The left scapula is an 
almost shapeless mass of irregular bone fused with the upper end of the clavicle, and 
the right coracoid (figured Joc. cit. supra, pl. xlv. fig. 1) has a deep notch on its posterior 
border, which is not present in normal specimens. 

Dimensions (in centimetres) :— 
Basioccipital: total length 7°5; length of neural surface 5:1; greatest width 9 ; 
width of condyle 6°7 ; depth of condyle 5:8. 
In this specimen the central portion of the condyle is much more convex than 
the lateral portion. 
Quadrate: extreme height 13; width of neck 6°3 app. ; width of articular surface 
5:2; length of ditto 7:6. 


Vertebrae. Atlas and Cervical Posterior First 

axis, (about the Sth), dorsal, caudal, 
Height of centram . . . . » + - + © «= 722) 6-9 82 g2 
Width GiCOMtr WINN na cla ve ee iS oe ae 73 9:8 9-6 
Length of centrum (measured at neural canal). 4°5 3°8 4-4 A] 
Greatest width with diapophyses . . . . . 8&3 86 10:5 9:8 


The total length of the precaudal portion of the column, as prezerved in this specimen, 
is about 1°60 metres, but probably some vertebrae are wanting. 


Scapulay preatest length . . 4s see) «2 2+, 200 
Widthof proximal expansion’ =. 2. . «+. 16°5 
Diadeatmarrowest) .) «ea ti tt ie 46 

CGricort me widtiy een fae Ae 1G» EME ry. cen ag 20°7 

ICR Egret oe Seay ie ee eee Se eye et oa 218 
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RB. 2180 (Leeds Coll. 76). The greater part of the skull and skeleton. The bones of the skull are 
for the most part separated from each other and several are figured in the text, as 
noted below. The portions preserved include: basioccipital, exoccipitals, basisphenoid 
with parasphenoid attached (text-fig. 7), opisthotics, stapes, quadrates, quadrato-jugals 
(text-fig. 10), jugals (text-fig. 10), maxillee (text-fig. 13), premaxillee, nasals (text-fig. 12), 
lachrymals (text-fig. 11), postorbitals (text-fig. 8), part of prefrontal, postfrontals, 
together with fragments of squamosals and parietals and other roofing-bones of the 
skull. The pterygoids (text-fig. 17), one palatine, and perhaps the vomers are preserved. 
The mandible (text-figs. 20 & 22) is nearly complete, only its tip being missing, and 
the bones of the right ramus are mostly separate from each other. In this skull and 
mandible many of the bones are crushed and some wanting, but the circumstance that 
they are for the most part disarticulated makes the specimen especially valuable, and it 
has been employed in the text in the description of many of the individual elements and 
as the basis for the restoration given in text-fig. 23. A number of sclerotic plates, 
mostly separated from each other and incomplete at their outer ends, are preserved 
with this skull. There are also about half a dozen teeth, with slightly fluted, pointed 
crowns and rather deeply grooved roots. The rest of the skeleton is represented by 
the atlas, axis, thirty-two other precaudal vertebree, and twenty-four caudals : many of 
these vertebral centra are much crushed and distorted and none remain united to 
the neural arches. About thirty more or less imperfect and crushed neural arches 
are preserved: of these about six, probably belonging to the anterior cervicals, seem 
to be composed of two halves (neurapophyses), which united in suture with each other 
in front and overlapped the anterior part of the next neural spine behind (text-fig. 29). 
There are numerous double-headed precaudal ribs and a few single-headed caudal ribs, 
mostly more or less imperfect. 

The shoulder-girdle is complete, though somewhat crushed. Both humeri are 
preserved, also the radius, ulna, pisiform, radiale, intermedium, ulnare, and about thirty 
other paddle-bones. 

The pelvis and hind limbs are wanting. 

Some approximate measurements (in centimetres) of some parts of this skeleton are 
given below :— 


Basioccipital: greatest width <=: 9. 3) Gee 
greatest length” ~~. 2 2 ss ee 
length of neural suffac6é = << | 3 ee 
width of occipital condyle... ..... 59 


height of occipital condyle . ..... =. 
Basisphenoid and parasphenoid (text-fig. 7): total length . . 30-0 


Parasphenoid : length of free portion . PPA Re SUR ees 
width at base . , ee po ere aa!) 

Jugal (text-fig. 10): total length . ess eae ae 
width of suborbital bar . . vel ee ee 

Lachrymal (text-fig. 11): length of base. . . . . . . . 125 


height -, 5. el ee eee ee 
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Maxilla (text-fig.13): length . . . . . . . (approx.) 26-0 
eroatest deptligmuce sass a0 fie sc teh De 
width at palatine plate. . . . . . 2:8 
Premaxilla: length in front of anterior angle of nares - 49°) 
(approx.) 46 


depth . er Vata a « 
Pterygoid (text-fig. 17): length. . . . . . . (approx.) 43:0 
Quadrate : greatest length : 13-4 
EME OM RCC KM tT et ee 27 Ace ce sl ch sta cer a) OFS 
iyemeariicuilnn gurraces 8 f= Gos io, a a OE 


Articular bone (text-fig, 22): length of articular surface . . 7:1 
lsngthat suk i cytde eo oto Oro 
anterior depth . «7. . .. 49 


Atlas and axis (crushed): length . . . . . . 1... . 648 
Anterior precaudal (? cervical); length . . . . ... . 28 
Wid Die eweet te Ga eeut co v.t= yO? 


Middle precaudal: length. . . : » » 1». . «s. s 38 
COLE 5" hoe Siete age oe MP en ei Gar aay og 

A ierion CAMUBlar Lene thy aa Ba ee, Seo 20 sis wd eee anys 2D 
SH eee ete ee eee ete Gee af’, 2 7°83 

Anterior caudal (crushed, see text-fig. 31,B): length . . . 17 
Width erences rere aU 

Middle caudal (near bend): length (at neural canal). . . . = 1:9 
Willie ie aie Tove tthe fo vs nom m. 4°4 

Posterior caudal (behind bend): length . . . . .... «=<42197 
WiGtitume meen Poe cee alta ste ba G 

Anterior (cervical) neural arch (text-fig. 29): height to top 
Of ayitiewame acme ib Ne esa) gaa s ‘ 8:2 
Posterior (dorsal) neural arch: height to top of spine . . . 11:3 
antero-posterior width of spine. 3:0 

Clavicular arch: length of clavicle (in straight line) . . . . 30:0 


width between outer ends of clavicles . . . 48:0 

length of interclavicle in mid-line . . . . 129 
Scapulayeteatest lenge. ys. el ww te) > ee ee 20-0 
width of proximal expansion . . . .... . 132 

A blade (in middle) , . . . . (approx.) 44 

Coracoid: approximate width . . ....... ~. . 190 
be prentest length... <0 «5 - sa any 1:0 

FLaMICCay MClItN Gewese ae ey Te!) i co Ge LOD 
width of shaft at narrowest . . . . .... Ti 


ae distalven deus atsh eee Minch) oe tec) 2 LED 


R. 2181 (Leeds Coll. 66). Imperfect skull and skeleton of a very young individual. In this 
specimen the anterior portions of the jaws bear a number of small, very closely crowded 
and rather backwardly directed teeth (PI. I. figs. 7,8): in the anterior part of the 
right side of the mandible there are ten on a space of 5:5 cm. The pubis and ischium 
show no more sign of separation than in older individuals, and the same may be said of 
the atlas and axis vertebree. The portions of the skull preserved include : basioccipital, 

K 


R. 2740. 
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forty teeth ; hyoid bones. 


ulna, ilia, parts of ischio-pubes, femora. 


Basioccipital: width of condyle . 
Quadrate: extreme length 
width at neck . 
length of articulation 
Articular bone: length 
Hyoid bone: length 


width of middle of shaft 


Atlas and axis: length . 
greatest width . 
Middle precaudal: width . 
Anterior caudal: length . 
width 
Coracoid: greatest width . 
Scapula: greatest length 


width of proximal expansion . 


Humerus selongto iy. a -euee ane 
width of distal end 
Thum: length 
Ischio-pubis: length 
Femur: length ae 
width of distal end . 


Basioccipital: width of condyle . 
greatest width 
» length 


The dimensions (in centimetres) of some of the bones are :— 


(approx.) 


(approx. ) 


(approx.) 


A large part of the skull and mandible of a large individual. 
preserved but grgatly displaced, and in part imbedded in hard matrix : a portion of the 


Some dimensions (in centimetres) of this specimen are :— 


stapes (1), opisthotics, squamosal, jugals, lachrymal, nasals, quadrates, pterygoid ; 
also a considerable part of the mandible, including both articular bones, and about 


Of the skeleton there are: atlas and axis and sixty-five other vertebre, a few neural 
arches, numerous fragments of ribs, right clavicle, coracoids, scapulse, humeri, radius, 


32 
6°8 
3:3 
3°5 
3:3 
9°2 
0-7 
1:9 
46 
4:5 
1-4 
1:9 
86 
10°2 
6°6 
nea 
5°4 
a3 
6°6 
4+] 
2°6 


The bones are well 


sclerotic ring is preserved in situ, and the cut edges of the plates show that they are 
closely interlocked along their edges (Pl. I. fig. 10). 
basioccipital with exoccipitals and supraoccipital attached, basisphenoid with the para- 
sphenoid, postero-superior portion of orbit showing the relations of the postorbitals, 
supratemporal, the anterior wing of the squamosal, and the postfrontal to one another ; 
the facial region with the nasals, lachrymals, maxillee, and premaxille nearly in their 
natural relations. The mandible is represented by'the greater part of the postsymphysial 
region of both rami. 


The chief parts shown are: 
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Bas DROnOId SWIG CI ere ioe sil ea Woe ae ekee st ania. tree 1 10) 

eae pre BAe der, BS ot ei Seen ene ee mins Wf 
Parasphenoid: length of free portion . ah RS Rep 
Lachrymal: length of base . . . . . =. . . (approx.) 12:0 
Premaxilla: length in front of anterior angle of nares . . . 52:0 
Articular bones length ies 2 s\n we ce oe ee U 


Surangular (text-fig. 21): length . . . . . . (approx.) 57-0 


R. 2160 (Leeds Coll. 65). Portions of the skull including the basioccipital, exoccipitals, supra- 


occipital, stapes, opisthotics, one pro-otic, quadrates, basisphenoid, portions of the roof 
and snout; the articulars and other portions of the mandible, some sclerotic plates ; 
a large part of the vertebral centra including those of the atlas and axis, and of about 
twenty-four other precaudal and sixty caudal vertebre ; three neural arches of posterior 
caudal vertebrae ; scapulee, coracoids, humeri, radii, ulne, pisiforms, carpals, and about 
sixty other bones of the front paddles ; one imperfect ischio-pubis, femora, tibie, fibule, 
and seven other bones of the hind paddles. This specimen differs in several respects 
from the usual type and, if a second species is at any time established, it would certainly 
have the best claims to become the type of a new form. The most striking peculiarity 
is to be found in the quadrates, in which the posterior border above the articulation 
instead of being merely concave is deeply notched ; on the basioccipital the occipital 
condyle is somewhat less convex and more prolonged ventrally than in most specimens, 
though this form is found in some skeletons with the ordinary type of quadrate. The 
coracoids are perhaps a little longer in proportion to their width, and the anterior notch 
rather smaller than is the case with the ordinary forms. In the humeri the prominences 
near the anterior angle of the distal end are well developed on both upper and lower 
surfaces (see text-fig. 36, D, pr., pr.’). 
The dimensions (in centimetres) of some parts of this skeleton are :— 


Basioccipital: greatest width . ...... +... . 92 
pe Cet aT ss ee ! Wra eree e e SatS 

width of occipital condyle . . . .... Ti 

height of occipital condyle . . . . .. . TO 

Stapes: length att o ioc 
Quadtate sextrome.longth es o>. sts a fe is a hw. 119 
Wit OLCCK MM we wire! Velen dace Ghats) sa tOCO 

A articular surface RRS IAT ahead. bere eae ae: 

A PCCLAr Doloss noth mi Nem rive anst “ilies 5) Gh ne) eo ) COS 
COCACO Ot Geb Me ene aun Nat et Wee a iy aey's ete O 


VAN (oe et Sn Ge ol a pais, en He oh ane PERO 
DcapineewieUltt ce Ulm oA Res Gigeerm tng cul ie she o's) 2k’ 
Widto- OL DIGG. cant seen ne diet i, Pete ts ye OO 

a distal expansion (29s = «ls 2. . 144 

THiimerus ec leugth 2 veo a 2) ee eee erates cet, cee LO'G 
widthiot shattrat nAaArrowesoulmeem a ue | OO 


as distal end aee e  ene ee as 22:9) 
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Femur: “length . 25.0.) Bigs ae ue erence es eG 
width of shaft at narrowest . . . . ... =... «9&6 

: » . distal end?) . *. 29a eke i ee 
Ischio-pubis: length + 2... 3. * )h & & 6 gs low 


R. 2853 (Leeds Coll. 85). Fragments of skull, including pterygoids, sclerotic plates, six centra of 
vertebrae, both scapule, fragment of coracoid and clavicles, interclavicle, both fore 
paddles complete (the left is figured in text-fig. 37, and also by A. S. Woodward in 
‘Outlines of Vertebrate Paleontology,’ p. 182, fig. 113, B), ilia (text-fig. 38), both 
ischio-pubes (text-fig. 39, A-C), both femora and numerous paddle-bones. 

The dimensions (in centimetres) of some of the bones are :— 


Scapula: greatest length >< sige ee ce ms iene seem 
width of blade at narrowest . . . ...2 . 82 

» distal expansion” 5) 5 sects eee ee 

Right humerus: length . . . .. . =. . ~ (approx.) 19-0 
width of shaft at narrowest . . 5 eal se 

, odistal end “4.44 29.8 .e eos eo 

Right'radins’:, width 245 Ws ee ee ee 
lerigth 4/2. © os cise weve dee ee oT O ie eee 

Right ulna? width’. 9. 09%.) 6 2 aGe 2) eee ee CODDEGs ame 
length ee Pee bey ok vos, ee 

Right intermedium: width” =~ 2 (0% fun 0) es 
length". 5 = & 92 =. & ) (Approx. mou 

Ilium (text-fig. 38): length in straight line. . . . . . . 120 
greatest widths. g0., she: Selene SE oe eee ee Ti. ee 
width-of lower ends (s7i..9 5 us.) caus Meee nee eC 
Ischio-pubis (text-fig. 39, A-C): length. . . . . . . . 159 
width of proximalend . ... 40 

distal end’ =<.) 9: Se aeruete 


” 


Femur: length Ys 2. 1s sc gates eo as ee oe 
width of shaft at narrowest eed acs Ak 

o distal end? .> a0 isles eee cnr ED 

Tibia: length (606 (5 a Mis) ns el ge ee 
width=) cs: see ea eee Se ee Beles Bedi OMe 


Fibula: length 7. ees pane MM eg ae ye 
width +, “> > Sa Abs, pun mp iy ee 


R. 2149 (Leeds Coll. 70). Portions of a skull and mandible, including basisphenoid, stapes, opis- 
thotics, one pro-otic, squamosal, parietal, both articulars, one surangular, and other 
fragments ; atlas and axis, thirty other precaudal and twenty-five caudal vertebre ; 
the clavicles, scapulee, coracoids, left humerus, and twenty-three paddle-bones ; one 
ilium and both imperfect ischio-pubie bones. This skeleton does not present any very 
notable features : the vertebrae are for the most part crushed ; the clavicles show clearly 
the surfaces by which they unite with the cross-bar of the interclavicle ; the ischio-pubic 
bones are rather shorter and stouter than in most specimens. 
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Some dimensions (in centimetres) of parts of this skeleton are :— 


Basisphonoid loops, sats Oe ae Sick oe scl ee oe ee ee 
Dtontesy Widthe ye a ae ae) ta oso LOS 

JUSUrA Lee lOno tHe mr Ameen tr Pace ee Oe Gey Le t= V4 
Ab AOC we Mesa ete ee OR ale ale! 3,47, OO 


POUCUAE ODOtH ELE Mm iat oh pty ce. 2 sb 
LIAS RNC ANISM WHOhiY ae no tarde ay ene fee, Solel) atycan OD 
height 8-4 


POPU ON Ge eet ees tas SP co (APPrOX. ar O'S 

Clavicle: length in straight line . . . . . . (approx.) 36-0 
Seapula: length . Siar . 

width of proximal expansion . . . . . . . . 145 

Coracoid ; length ee EAE Hs ae adie, Beene 

OSCE ME eM en voRe sy Se ee ns LOD 

EL MIORU DONC Me ae ioe abate. 82 tes Shs cle oo 5! ees. 2044 16-6 

WAUbRLOiCistal end ncwerd <a. 04 ao) al em = 13-0 

Teen DUbIA ICNP tM sua Awe eis Wop ee ee a aw ty 184 

width Gb proximal end .e sss a ssc soe ey 4S 


R. 2138 (Leeds Coll. 64). Some fragments of a skull, including the basioccipital, basisphenoid, and 
part of a quadrate, also the articular bones, associated with the atlas and axis, thirty- 
seven other precaudal and forty-eight caudal vertebra, three caudal ribs, and two 
neural arches from the same region ; the imperfect scapule and coracoids, both humeri 
with the radii, ulne, and pisiforms, as well as forty-two other paddle-bones ; one 
ischio-pubie bone and one femur, The humeri both bear the distal tuberosity referred 
to on p. 53, on their dorsal face; their length is 14°6 cm., width of distal end 
13:2 em. ‘The ischio-pubie bone is much shorter and broader than usual, and the 
upper end is more enlarged ; the length is 11 cm., width of upper end 6°4 cm., width 
of lower end 7°5 cm. ‘The femur has a greatly enlarged bulbous proximal end, 
apparently owing to the development of exostoses: its length is 9°1 cm., width of 
distal end 5°9 cm. 


R. 2162 (Leeds Coll. 31). Bones of back of skull, including basioccipital (text-fig. 1), basisphenoid 
(text-figs. 1 & 5), supraoccipital (text-fig. 2, C, D), right exoccipital (text-fig. 2, A, B), 
right and left stapes (right, text-fig. 3, C, D), right and left opisthotic (right, text 
fig. 3, H, F), one pro-otic, left quadrate, right parietal (text-fig. 14). 

The dimensions (in centimetres) of some of these bones are :— 


Basioccipital: width of condyle ...-. ..«.... « 68 


toLalklenethiye: weg ae ee meme Speer ae 9 TD 
eewIdth® Az hse ee ee es eee Bt 
length of neural suriaeeiay =. «3. Cs AD 


PIROCGIPUARLRneIOnEM) >, 2: a he cr ws. S| OS 
lengthvor. base... ieeeeeietine! cs aos A 


70 MARINE REPTILES OF THE OXFORD CLAY. 


, Supraoccipital: extreme width. . . + 6 + + + + + + vis) 
» height ‘ : 

width of neural opening at lowerend . . . 12 

width between inner edges of the foramina 

marked (for.) in text-figure 2,C,D . . . & 

Stapes: greatest length . . . . . =: + 7 

» thickness of inner en RA et, GS: 

Opisthotic: greatest length . . . «© . - + « s+ ee fh 

», Width of inner end . o teleg ae 

Quadrate: greatest length . . . - . . - . + s+ + 123 

»» Width of articular surface . . (approx.) 45 

Basisphenoid: greatest length . . . . . . + + + + + WO 

og WWHGEH ¢ ool | aoe wis) seta oes ec 

Parietal: total length in straight lime. . . . . . . . + V2 

greatest width 2.05 2.) vi. os) he pe ee 


R. 2161 (Leeds Coll. 90). Bones of the back of the skull, including the basioccipital, exoccipital, 
supraoccipital, stapes, imperfect opisthotics, one pro-otic (text-fig. 3), basisphenoid 
(text-fig. 6, B). 

The dimensions (in centimetres) of some of these bones are :— 
Basioccipital: width of condyle "3. Oe 
total Jenigth .° oes) 2s) cen ee ea 
ape WI LG ae) ee ee on Ae a 
length of neural surface. . . . ....- 43 
Exoesipital: height. .5 2 9-5. (59 oc) se eer el) ot ee ems 
Supraoccipital: extreme width . . . . . . . (approx.) 80 
height yoo ns 5c bey eR Geen eee eee 
width of neural opening at lowerend . . . ‘9 

width between inner edges of the foramina 
marked (for.) in text-fig.2,C,D ... . 50 


Stapes: greatest length 7) a2 eae ee 
a thickness Of, innerend) ey-sese nee ne OL 
Basisphenoid: greatest length . . ... ...-. =... O64 
5 width® i 4.092) hae ee ad ee 


R. 3013 (Leeds Coll. 91). A somewhat crushed skull and mandible. The bones of the occipital region 
and palate are concealed or displaced, but the roof is fairly well preserved: a few small 
teeth (Pl. I. figs. 1-6) and portions of sclerotic plates are preserved. Also seven caudal 
vertebrae, a neural arch, numerous fragments of ribs, the right coracoid, and scapula. 
All the bones are fully ossified and seem to have belonged to an old individual. 

The dimensions (in centimetres) are :— 
Skull : 
Approximate length = 9 3° <0) sian eee ee eee Loco 
Length from anterior angle of external nares to tip of snout 50-0 
Length of temporal fossa Me a: eared 13°0 
Width of temporal fossa. . . «. . . =. ~~. # (approx.) 75 
Width between posterior angles of squamosal . (approx.) 28:0 
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LGObh wlepet h Oncrow tma eae kee sitearay eee sai ema: 8 15 
diameter at\base of erown® . « «) . . 2 « + 6 
Worscotl lenpilier ws meee ch iss oe a tem Tle ee Male 4, eG 


WiC ye TeS Mee OD ee bide et uses) tip (scan, LOS 

Renpnlasn lone meres a Fat akin te (crascy hs, Ae oy ne, 24'O 
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R, 2185. Portions of the skull of an old individual. The bones preserved are the quadrates 
with the adherent portions of the pterygoid and, on one side, of the stapes, the left 
opisthotic, one pro-otic, portions of the squamosal, and the parietals. With these are 
associated parts of the mandible, the centra of three precaudal and three caudal 
vertebrae, fragments of the coracoids, the right, humerus, both radii, one ulna, and 
thirty-six other paddle-bones, also one femur. Most of the bones are crushed and 
distorted. 


The dimensions (in centimetres) of some of the bones are :— 
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R. 2191. Portions of skull and mandible, hyoid, and some fragments of ribs. Of the skull the 


nasals, one maxilla, one lachrymal are the best-preserved elements ; in the mandible one 
of the articulars, the splenials, and some other parts are present. The length of the 


hyoid is 16°7. 


R. 2155. Portions of skull and mandible, including the basioccipital, basisphenoid, both stapes, 
opisthotic, both articulars, and fragments. Also the fused atlas and axis, with twenty 
other precaudal centra and right humerus. 


The dimensions (in centimetres) of some of these bones are :— 
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R. 2132 (Leeds Coll. 61). Includes the quadrates (imperfect), some fragments of skull-bones and 
sclerotic plates, twenty-six precaudal and thirty-one caudal vertebral centra, all well 
preserved and undistorted, the coracoids, imperfect scapule, humeri, radius, intermedium, 
pisiform, and twenty-three other paddle-bones, a femur, and numerous fragments of ribs. 

The length of the humerus is 15 em., that of the femur 11 cm. The width of the 
narrowest part of the shaft in the former is 7 em., in the latter 3°9 em. 


R, 2150 (Leeds Coll. 77). Parts of skull, including basioccipital and imperfect quadrates, numerous 
loose teeth, seventy-five greatly-crushed vertebrae, three caudal neural arches, imperfeet 
coracoid, scapule, humerus, and twenty-nine paddle-bones. 

The length of the humerus is 14°4 cm., the width of its distal end 12°2 em. The 
length of the scapula is 18°2 em., the width of its distal expansion 10°8 em. Some of 
the teeth are 1°9 em. long, with a maximum diameter of 1 em. at about the middle of 
the root. 


R. 2153. Fused atlas and axis, twelve other precaudal and three caudal vertebrae, eight odd 
paddle-bones. 
The dimensions (in centimetres) of some of the bones are :— 
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R. 2150a. Atlas and axis, figured in text-fig. 24, A, B. The length of the combined centra is 
4°5 em., the greatest height 8°6 em., the greatest width 8 cm. 


R. 2152. A basioccipital, atlas and axis (text-fig. 24, E, F), twenty-one other precaudal and fifteen 
caudal centra. The caudal centra have been strongly compressed longitudinally, so 
that they are not much more than half their original length, but are not otherwise 
distorted. Also the coracoids, left scapula, part of left humerus, and six paddle-bones, 

The dimensions (in centimetres) of some of these bones are :— 
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R. 2143 (leeds Coll. 82). The left quadrate, right scapula, the centra of three posterior precaudal 
and twenty-two anterior caudal vertebree of a large individual. The centrum of 
vertebra which appears to be the first caudal is 10°7 em. high, 10-7 em. wide, 4°2 em. 
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long, approximately. The quadrate is massive and very extensively ossified ; its extreme 
length is 13°5 em., the width of the neck 6°8 cm. 

The scapula is very fully ossified, and the deflected antero-inferior angle forms a 
definite and prominent process (?acromium). The length is 23 em., the width of the 
proximal expansion 14°8 cm. 


R. 2173 (Leeds Coll. 56). A caudal vertebra, a left humerus with radius, ulna, and seventeen other 


R. 2174. 


R. 2163. 


paddle-bones. The humerus has the prominences on the anterior angles of its distal 
end strongly developed on both its upper and lower surfaces ; the pisiform facet is very 
small ; its length is 18°5 cm., the width of its distal end 15°4 em. 


Atlas and axis with twenty-seven other precaudal vertebree and a femur of a young 


individual. The original line of separation between the fused atlas and axis centra is 
clearly marked, even on the floor of the neural canal, where in most cases it is early 
obliterated. ) 

The dimensions of the combined atlas and axis céntra are: height 5:3 cm., width 
6°0 cm., length at neural canal 2°?7 cm. The femur is only 4°7 em. long, its distal end 


being 3°2 cm. wide. 


Bones of the back of the skull of a small individual, including the basioccipital, basi- 


sphenoid, stapes, one opisthotic, and quadrates. 


R. 2135 (Leeds Coll. 71). A series of vertebree, including the atlas, axis, and thirty other precaudal 


R. 2188. 


centra, together with twenty-four caudals from various parts of the tail. Also portions 
of the coracoids, the right humerus, both radii, an intermedium, a pisiform, and fitteen 
other paddle-bones. Some of these last are very thin and seem to have belonged to the 
edge of the paddle ; their surfaces also are broken up by grooves into a number of 
irregular areas with smooth surfaces, which may indicate that they were merely covered 
with some sort of horny epidermal structure. The atlas and axis, with the four 
succeeding vertebre, are shown in text-fig. 25. 

Some dimensions (in centimetres) of these specimens are : 
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Total length of the six anterior vertebre (text-fig. 25) . . . 17:0 

Humerus: length ae 19-7 


Portion of basioccipital. About eighty-six vertebral centra, mostly crushed and broken, 


with the exception of the posterior caudals, about fifty-four in number. Also a femur 

and sixteen paddle-bones. The chief peculiarity about this skeleton is, that the basi- 

occipital seems to have been formed by two centra, an anterior and a posterior, the 
L 
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posterior being proccelous, the convex hinder surface forming the occipital condyle, the _ 
anterior concave face closely resembling the face of a vertebral centrum of ordinary 


type. ot s 





R. 2148 (Leeds Coll. 69). Fragments of mandible, three anterior cervical centra, and fifteen caudal — 
centra, including some from the bend of the tail and some of the small terminal bones, 7 
the coracoids, and a femur of a young individual. 


The dimensions (in centimetres) of some of the bones are :— asi 
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R, 2137 (Leeds Coll. 63). Eleven posterior precaudal vertebral centra, three neural arches, many ; 
ribs, the complete shoulder-girdle (eoracoids, scapule, clavicles, interclavicle), one — 
complete ischio-pubic bone and the proximal end of the other. All these bones, which. 
are those of a large individual, are uncrushed and exceptionally well ossified. The 
shoulder-girdle has been figured by Prof. H. G. Seeley in Proc. Roy. Soc. vol. liv. 
(1893) p. 151, fig. 1 ; see also text-figs. 32-35. 

The dimensions (in centimetres) of some of the bones are :— 
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Interclavicle (text-fig. 34): greatest length in middle line . . 13°8 
length of cross-bar. . (approx.) 23:0 
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R. 2147 (Leeds Coll. 68). Centra of fifteen precaudal vertebree, nine neural arches, and parts of the 
clavicular arch including the median portions of both clavicles, the right one closely 
united with the corresponding portion of the interclavicle. Both clavicles seem to be 
somewhat deformed ; that on the right side may have been fractured and afterwards 
mended during the animal’s life. 


R. 2141. Twenty-two precaudal, twenty-nine anterior caudal, and eight posterior caudal centra of 
a small individual. Some of the posterior caudals are from near the end of the tail 
and are very small. The dimensions of one are: length 1 cm., width 1:25 em., 
height 1°3 cm. 


R. 2157 (Leeds Coll. 29). Centra of twelve precaudal and nineteen caudal vertebrae of an old 
individual. 


R. 2139 (Leeds Coll. 73). Centra of eleven vertebra, six neural arches, one scapula, one coracoid. 
R. 2164. Basioccipital, basisphenoid (text-fig. 6, A), stapes. The parasphenoid extends round the 


sides of the carotid foramen. 
The dimensions (in centimetres) of these bones are :— 
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R 2134. Right fore paddle. Co-type described and figured by Seeley in Quart. Journ. Geol. Soc. 
vol. xxx. (1874) p. 703, pl. xlvi. fig. 3. 


The dimensions (in centimetres) of this specimen are :— 


Pi timertis a lerigenee aug a! “dyn, ac Re Jeeneng tie ase 16 
width-af proximalend <5 .).:7ar te <6 “2 « (12:7 

rr mitddia ck:shalie og som ee eee ye, OO 

a disth) ond bd) sn cote Sees) a Yd a So 

Edn RONCHI oon tae) i, os 2. op ee oer oly oe "6 
UCN SG eee ee Sc, eA ny ae 
PUliareloeeiinay tea a. st). Saleh ee Oe cra 44. 9 
Wit eR oe! al! 2 eg ee gs a. LG 


L 2 


76 MARINE REPTILES OF THE OXFORD CLAY. 


R. 2175. A series of vertebral centra and a right coracoid of a young individual. The vertebrae 
include the atlas and axis (text-fig. 24, C & D), the line of junction of which is shown 
by a sharply-defined groove which is only interrupted at the floor of the neural canal ; 
the axis has distinct diapophysial and parapophysial facets ; the position of the inter- 
vertebral wedge-bones is shown by the facets with which they united. There are 
twenty-nine other precaudal vertebrae and twenty-eight caudals. The small coracoid 
presents no remarkable characters. 


The dimensions (in centimetres) of some of the bones are :— 
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R. 2169 (? Leeds Coll. 80). Twenty-four caudal centra; of these, one from the bend of the tail and 
another further back are figured (text-fig. 28). Also three neural arches. 
The dimensions (in centimetres) of the first figured centrum and arch are :—~ 
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R. 3533. Portions of a young skull and skeleton, including basioccipital, exoccipital, supraoccipital, 
stapes, opisthotics, quadrates, pterygoids, squamosals, maxillz, nasals, vomers (text- 
fig. 19), and other bones of the skull and mandible. Sixty vertebral centra, some 
neural arches and ribs. 


R. 3535. Bones of skull and skeleton of a large individual, including parietals, frontals, and 
squamosals united (text-fig. 15), basisphenoid with parasphenoid, quadrates, stapes, 
opisthotic, portions of pterygoid, two. vertebral centra; also the elavicular arch. 
Numerous sclerotic plates. 


R. 3534. Highteen centra of caudal vertebrie, mostly with the neural arches and ribs associated 
with them (text-fig. 27). Also imperfect shoulder-girdle, fore paddles, imperfect pelvis, 
hind paddles. 





Norr.—In the explanation of fig. 40 (p. 59), for “ Left ischio-pubis of Ophthalmosaurus : A, from outer 
side; B, proximal end; C, from inner side,” read “Right ischio-pubis of ‘Ophthalmosaurus : 
A, from inner side; B, proximal end; C, from outer side.” 


MURANOSAURUS. 
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Carnivorous aquatic reptiles in which the skull has only one temporal arcade and 
a fixed quadrate; the pterygoids extending forwards to meet the vomers (?in all) ; 
the external nares situated some distance behind the end of the snout; a pineal 
foramen present. The teeth are thecodont, and sometimes a few are considerably 
enlarged; in the later forms they are confined to the edges of the jaws. ‘The tail 
is relatively short, swimming having been effected mainly by the limbs, which 
become paddle-like; the hind pair never greatly reduced. Dorsal ribs with a single 
head ; a plastron of ventral ribs. 


Suborder PLESIOSAURIA. 


Clavicular arch undergoing reduction and tending to become situated on the 
visceral side of a ventral extension of the scapule, which in the later types replace 
it functionally ; coracoids large. ‘The ilium is directed backwards and articulates 
with the ischium only; the pubis is a broad plate of bone, and the ischia also are 
generally much expanded, ‘The limbs form oar-like paddles. ‘The plastron consists 
of a median and several lateral series of overlapping ventral ribs. 


Family ELASMOSAURIDZ. 


Head relatively small; neck long, in some cases excessively so. Cervical ribs with 
single head. Scapule meeting in the middle line, where they join the corresponding 
median anterior prolongations of the coracoids, at least in fully adult individuals. 
Clavicles and interclavicles may both be present, but one or both are usually greatly 
reduced. Epipodial bones much modified, being shortened up so as to resemble 
mesopodials. 

Middle Jurassic to Cretaceous of Europe, North America, and perhaps New Zealand. 


Genus MURENOSAURUS, Seeley. 
[ Quart. Journ. Geol. Soc. vol. xxx. (1874) p. 197. ] 
Skull short and broad, of relatively small size. About 24 teeth on each side 


in the upper jaw, five being situated in the premaxilla; of the maxillary teeth, the 
third, fourth, and fifth are enlarged. Mandible with a short symphysis and bearing 
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about 20 teeth on each side. Neck consisting of about 44 vertebre, the centra of 
which in the anterior part are about as long as broad. In the shoulder-girdle there 
is a well-developed interclavicle, while the clavicles are generally greatly reduced, in 
some cases being mere films of bone adherent to the visceral face of the interclavicle ; 
in some cases probably they are wanting entirely. Coracoids not greatly produced 
outwards and backwards into postero-lateral processes. ore limb a little larger than 
the hind limb, to which it is very similar in form, the humerus not being greatly 
expanded at its distal end even in the adult. 

Middle Jurassic. 

The specimen upon which Prof. H. G. Seeley founded Murenosaurus leedsi, 
the type species of the genus, is included in the Leeds Collection (No. 25, R. 2421) ; 
it consists of portions of the skull and mandible, 79 vertebre, some of the 
caudals: having been lost, numerous ribs, coracoids, scapule, pubes, ischia, ilia, 
and both the fore and hind paddles. The following account of the skeleton in this 
genus is founded so far as possible on this specimen, but many other nearly 
complete skeletons of the same or closely similar species have been employed to 
supplement the description. 

Skull (Pl. III; Pl. VI. figs. 1-2; text-figs. 43-47).—The skull is small in proportion 
to the size of the animal, and is roughly triangular in outline, the muzzle being bluntly 
pointed. The upper surface of the anterior portion was probably gently convex from 
side to side, while in the parietal region there is a high, sharp, sagittal crest, the 
posterior end of which is the highest point of the skull, from which it slopes gradually 
down to the tip of the snout. The following account of the individual bones is 
founded on several more or less nearly complete examples—the best (R. 2678) 
belonging to the skeleton which is the type specimen of M. platyclis. Portions of 
the skull of MW. durobrivensis (R. 2861), as well as of the type of MV. leedsi, are also 
figured and described. 

The basioccipital (b.oc., Pl. III. figs. 1, la; text-figs. 43, 44) bears the whole of 
the nearly hemispherical occipital condyle (0c.c.), the border of which forms a sharp 
rim, sometimes separated by a short neck from another parallel rim (text-fig. 44) ; 
the upper border of the condyle in some specimens is a little flattened beneath the 
neural canal; there is no pit marking the original position of the notochord, 
such as has been described as occurring on the occipital condyle of Ophtha/mosaurus — 
(see supra, p. 6). The upper surface of the bone (text-fig. 43, B) bears a pair 
of large elongated oval facets (evo.f.), for union with the ventral end of the 
exoccipitals and opisthotics; the space between these facets (n.c.), forming the 
floor of the brain-case, is narrow and concave from side to side behind, while in 
front it widens out and bears in its middle line a strong longitudinal ridge which 
in some specimens is paired. ‘The anterior face of the bone (text-fig. 43, C) is nearly 
vertically truncated by the surface (ds.f.) for union with the basisphenoid. Antero- 
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laterally the body of the bone bears a pair of stout processes which project outwards 
and downwards, their ends being truncated by large oval facets (pt.f.) which look 
outwards and forwards and articulate with the pterygoids, which in these animals 
extend very far back, their posterior ends, by which they unite with the quadrates, being 
actually behind the occipital condyle. Between these processes the ventral surface 
of the bone is concave from side to side; in front of this it is flattened and greatly 
roughened up to its anterior edge. In some cases the posterior surface of the 
lateral processes bears a roughened surface for the attachment of muscles. 


Text-fig. 43. 





Basioccipital of Murenosaurus durobrivensis: A, from below ; B, from above ; 
C, from front. (R. 2861, nat. size.) 


bs.f., facet for basisphenoid ; evo,f., facet for exoccipital ; n.c., floor of neural canal ; 
oc.c., occipital condyle; pt.f., facet for pterygoid. 


The basisphenoid (.s., Pl. III. figs. 1, 1a; text-fig. 44) consists of a posterior cuboid 
mass of bone, the antero-ventral portion of which is prolonged forwards to form 
the floor of the pituitary fossa. ‘I'he posterior face is nearly flat and fitted closely 
against the corresponding surface of the basioccipital. In most cases the two 
bones can be seen to make a very obtuse angle with one another, the axis. of 
the basis cranii in front of the basioccipital being bent a little upwards. ‘The nearly 
flat upper surface consists of two flattened areas united in front, but separated 
posteriorly by a V-shaped concavity; in life these areas were perhaps covered with 
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cartilage. In front of this region is the deeply concave pituitary fossa. ‘The sides 
of the bone are flat and roughened posteriorly, and bear deep grooves running 
downwards and forwards from the upper posterior angles and terminating in the large 
paired foramina (7.c.f.), by which the internal carotids enter the pituitary fossa. 
Above these foramina the sides of the bone are produced outwards and forwards 


Text-fig. 44. 





Basioccipital, exoccipital-opisthotic, basisphenoid, and part of parasphenoid of Murenosaurus leeds: : 
A, from side; B, from below. (R. 2422, nat. size.) 


bs., basisphenoid ; ¢v.op., united exoccipital and opisthotic ; i.c.f., internal carotid foramen ; 0c.c., occipital 
condyle; pas., parasphenoid; p.p., paroccipital process ; ptf., pterygoid facet; soc.f., facet for 
supraoccipital ; v.c.p., lower cylindrical processes of basisphenoid. 


into a pair of processes bearing at their extremities facets, presumably for union 
with the pterygoids. The ventral surface is much roughened posteriorly, but for 
the greater part of its extent it is concealed by the closely adherent hinder end 
of the parasphenoid (pas.). The posterior border of this is sometimes notched in 
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the middle line (Pl. III. fig. 1) or may be squarely truncated; in the former case 
the appearance of the presence of a median foramen is produced, and there may 
indeed be a small nutritive foramen at this point, but, as already described, the 
paired internal carotids enter the pituitary fossa by lateral foramina, not by a median 
ventral opening as in Ophthalmosaurus (see p. 13, fig. 5). The anterior end of 
the basisphenoid beneath and in front of the pituitary fossa terminates in a pair 
of blunt truncated processes (v.c.p., the lower cylindrical processes of Siebenrock) ; 
these probably joined the cartilaginous presphenoid region. 

The parasphenoid (pas., Pl. I1I. figs. 1, 1a; text-fig. 44) is a thin flat bone, the 
hinder part of which is closely united with the ventral face of the basisphenoid, 
though the line of junction usually remains distinctly visible. In front of this it 
divides the two openings which in former papers* I have called the posterior 
palatine vacuities (parasphenoidal vacuities of Williston), which are enclosed 
externally by the pterygoids. Anteriorly the parasphenoid widens out somewhat, 
and, judging from what occurs in the closely allied genus Tricleidus, the outer edges 
were overlapped for some distance by the pterygoids. In front of this union the 
bone is abruptly truncated, its border forming the hinder limit of the median 
interpterygoid vacuity. This form of parasphenoid differs widely from that described 
by Williston? in Zrinacromerum, where it is compressed laterally, and is so deep 
posteriorly that its upper surface would seem to be on a level with the cranial 
surface of the basisphenoid and basioccipital, there apparently being no pituitary 
fossa. Moreover, according to Williston, the pterygoids meet in median suture above 
the hinder end of the parasphenoid, so that its posterior end unites with them and 
not with the ventral face of the basisphenoid as usual. 

The exoccipital (exo., Pl. III. fig. la; text-figs. 44 & 45, C, D, E) in all cases observed 
is fused with the opisthotic, though on the inner face of some specimens the line 
of junction of the two elements is quite distinct, as it is also in some instances on 
the articular ends (see dotted line in text-fig. 45, EK). ‘The bone formed by the united 
elements is columnar in form, and the exoccipital portion forms the sides of the 
foramen magnum. The lower end expands somewhat and terminates in an oyal, 
flattened, more or less roughened facet for union with the basioccipital (doc.f.). ‘The 
anterior angle of this surface is borne by the lower end of the opisthotic, which 
is here marked off from the exoccipital in many cases by a groove (op.g.), and on 
the inner side by a distinct notch. ‘The inner face of the combined bones is concave 
from above downwards, and is perforated by a number of openings. Of these the 


* See figures of skulls of Plesiosaurus in Quart. Journ. Geol. Soe. vol. lii. (1896) p. 251, fig. 2, and pl. ix. 
fig. 1; of Pliosaurus, loc. cit. vol. liii. (1897) pl. xii.; of Peloneustes in Ann. Mag. Nat. Hist. [6] vol. xvi. 
(1895) p. 245, and pl. xiii. fig. 1. 

+ Williston, “ North American Plesiosaurs: Z'rinacromerwm,” Journal of Geology, vol. xvi. (1908) p. 718, 


fig. 5. 
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two posterior (XII.) probably transmitted branches of the hypoglossal nerve; the 
hindermost is the larger and its outer opening is at the posterior end of the deep 
groove beneath the base of the paroccipital process (p.p.). In front of these 
foramina there is on the inner face of the bones a large funnel-shaped aperture 
(jug.), opening externally at the anterior end of the above-mentioned groove. 
This aperture corresponds with the so-called jugal foramen of Siebenrock * and 
transmitted the vagus group of nerves. It lies between the exoccipital and the 
opisthotic elements, the latter in this case sending down a process which fuses 
with the exoccipital beneath the foramen and meets the basioccipital as above 
described. According to Siebenrock ¢ the opisthotic has a similar articulation with 
the basioccipital in Hatteria, but this is denied by Osawa f. 

Above and a little in front of the jugular foramen, and separated from it by a sharp 
ridge forming the hinder edge of the opisthotic, there is a deep rounded fossa (a.) 
for the ampulla of the posterior vertical semicircular canal (p.v.c.), the channel for 
which passes outwards and upwards from the inner end of the fossa, opening on 
the upper surface by which the bone unites with the supraoccipital (soc.f.). Another 
passage also runs outwards and forwards from the fossa and opens on the surface 
for union with the pro-otic; this is the channel for the horizontal semicircular 
canal (h.c.). The upper end of the combined exoccipital and opisthotic bears a large 
flattened ovate surface for union with the supraoccipital (soc,f.); this facet, which 
looks directly upwards, is mostly borne by the opisthotic and, as mentioned above, 
is perforated for the passage of the posterior vertical semicircular canal (p.v.c.). 
Anteriorly the opisthotic bears another facet (pro.f.) looking upwards and forwards, 
making an angle of about 60° with the supraoccipital surface ; this facet is for union 
with the pro-otic, and is perforated by the channel of the horizontal semicircular 
canal (h.c.). 

The outer face of the combined bones is somewhat flattened superiorly, while 
its lower portion bears the greatly elongated paroccipital, the base of which extends 
across the anterior two-thirds of the bone, being probably entirely borne by the 
opisthotic. The process itself is directed downwards and backwards; it narrows 
somewhat in the middle, but expands distally and terminates in a roughened convex 
facet (¢.f.), by which no doubt it articulates with the quadrate, although no specimen 
showing the actual junction has been observed. Beneath the base of the 
paroccipital process is a deep groove, at the posterior end of which is the outer 
opening of the passage for the XII. nerve, while at the anterior end is the jugular 


* Siebenrock, “ Zur Anatomie des Hatteria-Kopfes,” Sitz. Akad. Wissensch, Wien, vol. cii. pt. i. (1893) 
p. 256. 
Tt Op. cit. p. 250. 


~ Osawa, “ Beitrige zur Anatomie des Hatteria punctata,” Arch. f, Mikroskop. Anatomie, vol. li. 
(1897-8) p. 495. 
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foramen (jug.). The posterior (exoccipital) edge of the combined bones is sharp; 
the anterior (opisthotic) broad, rounded, and concave from above downwards, the 
upper end of the concavity being continued as a shallow groove (c.a.) on to the base 
of the paroccipital process ; this groove no doubt marks the position of the columella 
auris. On the inner face of the bone there is a small foramen (/.), probably for a 
blood-vessel. 

The supraoccipital (text-fig. 45, A, B) is a short N-shaped bone which enclosed the 


Text-fig. 45. 





Supraoccipital and exoccipital-opisthotic of Murenosaurus durobrivensis: A, supraoccipital from behind ; 
B, from right side ; C, exoccipital-opisthotie from front ; D, exoccipital-opisthotic from outer side ; 
E, exoccipital-opisthotic from inner (cranial) side. (R. 2861, nat. size.) 


a., cavity for ampulla of posterior vertical semicircuiar canal; boc.f., facet for basioccipital ; ¢.a., groove 
for columella auris ; eao.op.f., facet for exoccipital-opisthotic ; f., foramen (? vascular) on inner face of 
exoccipital ; 4,c., channel for horizontal semicircular canal ; jvg., jugular foramen ; op.g., groove marking 
line of junction between the exoccipital and opisthotic elements ; par.f., facet for union with the 
parietal ; pro.f., facet for pro-otic ; p.v.c., channel for posterior yertical semicircular canal; ¢.f., facet for 
quadrate ; r., ridge projecting into upper end of the foramen magnum ; soc.f., facet for supraoccipital ; 
XII., foramina for the hypoglossal nerve. 

M2 


84 MARINE REPTILES OF THE OXFORD CLAY. 


upper half of the foramen magnum. From the upper border of the arch a sharp 
ridge-like process (7.) projects downwards into the foramen. ‘The ventral ends of the 
NM are greatly expanded and terminate in a roughly triangular surface looking 
downwards, for union with the exoccipital and opisthotic (evo.op.f.), and a large surface 
looking forwards and downwards for union with the pro-otic (pro.f.); this latter facet 
bearing near its inner border two foramina united by a nearly closed channel which 
probably lodged part of the posterior vertical semicircular canal (p.v.c.). The summit 
of the bone is occupied by a flattened and roughened surface, for union with the united 
parietals (par.f.), on the ventral face of which there is a corresponding slightly 
concave facet. 

No good specimen of the pro-otic has been found, but in one instance (No. 18, 
R. 2861) it is preserved on one side, still united with the supraoccipital, but crushed 
inwards, It appears to have been roughly triangular in outline, each of the angles 
being truncated. Its upper anterior edge is broadly rounded ; behind this it unites by 
a large surface with the supraoccipital and below this with the opisthotic, forming 
with these bones the usual triradiate suture; at its lower anterior end there is a large 
articular facet, perhaps for union with the basisphenoid. ‘The inner face of the bone 
is hollowed into a deep fossa, from which two channels diverge about at right angles ; 
these probably lodged portions of the anterior vertical and the horizontal semi- 
circular canals. 

The parietals (par., Pl. III. fig. 2a; Pl. VI. fig. 1; text-fig. 46) form the whole 
of the cranial roof behind the parietal foramen ; they seem to fuse completely with one 
another, though traces of their original separation can be seen, particularly on the 
occipital surface, where a slight vertical ridge marks the line of union. ‘They unite 
with the supraoccipital by a rounded and slightly concave surface, and above this they 
rise for some distance, forming a nearly vertical occipital surface, concave from side to 
side. In this region the bones are produced laterally into short stout triangular 
squamosal processes, which are completely overlapped along their upper borders by 
the parietal processes of the squamosals, which meet in the middle line and unite 
closely with one another, forming the actual vertex of the occipital surface of the 
skull. In front of the squamosal processes the upper part of the parietals narrows into 
a high sagittal crest, which extends forwards to within two or three centimetres of the 
pineal foramen (p.f.). Here the bones widen out considerably and enclose the large 
foramen, uniting immediately in front of it with the frontals by a complex suture 
running nearly transversely. In sowe cases this suture seems to cross the front of the: 
pineal foramen, in which case the frontals take a small share in the formation of the 
anterior border of that opening. Externally the anterior expansion of the parietal 
joins the postfrontal (po.f.) in a nearly longitudinal suture. Beneath the sagittal 
crest the parietals widen out to form the cranial roof, their greatest width being about 
opposite the hinder end of the pineal foramen, where on the ventral surface in one 
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specimen there are traces of union with the upper end of the columella. For about 


2 centimetres in front of the surface for union with the supraoccipital the cranial 
surface is concave in all directions ; anteriorly it passes into the broad funnel-shaped 
inner opening of the pineal foramen, the sides of which are formed by strong ridges 
which are continued forwards on to the ventral face of the frontals (Pl. III. fig. 2). 


Text-fig. 46. 





Semi-diagrammatic restoration of the skull and mandible of Murenosaurus : 
A, from above ; B, from left side. (About 4 nat. size.) 
ang., angular; art., articular; boc., basioccipital ; cor., coronoid process of splenial ; dent., dentary ; 
f, frontals; j., jugal; m., maxilla; nar., external nares; orb., orbit; par., parietals ; p.f., pineal 
foramen ; pmx., premaxille; po.f., postfrontal; p.orb., postorbital ; pr.f., prefrontal; g., quadrate ; 


sq., squamosal, 
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The frontals (f., Pl. III. figs. 2, 2a; Pl. VI. fig. 1; text-fig. 46) are large, and there 
may be some doubt whether the bones so called here may not include other elements, 
though in no case can any trace of sutures be observed. Posteriorly they join the 
parietals in a transverse suture and, as above mentioned, may or may not form the 
anterior edge of the pineal foramen. External to their union with the parietals they 
join the postfrontals for a short distance. In front of this, again, they widen out by a 
gentle curve, forming the roof of the orbit. In this region the upper surface of the 
two bones is convex from side to side laterally and concave mesially, where they 
unite with one another in the median line, so that here the roof of the skull is concave 
from side to side. 

In front of the orbit the frontal attains its greatest width, sending downwards 
and outwards a process, which terminates in a sutural surface, presumably for union 
with the prefrontal, unless that element is actually included in the bone here called 
frontal. In front of the prefrontal process the bone again narrows and is notched by 
the inner border of the external narial opening. In the middle line as far back as 
the anterior third of the orbit the middle portion of the frontals is concealed beneath 
the long overlapping facial processes of the premaxille, which thus extend far back 
behind the external nares. On their ventral face (PJ. ILI. fig. 2) the frontals bear ‘on 
either side a strong ridge or crest continuous posteriorly with the ridges on the 
parietals, referred to above. The ridges run parallel with one another and separated by 
only a narrow interval as far as opposite the anterior third of the orbital border, where 
they bifurcate, one branch running outwards on the preorbital region and helping to 
form the anterior wall of the orbit, the other continuing parallel with its fellow, on the 
lower face of that part of the frontal which is concealed by the facial processes of the 
premaxille. Between the divergent branches of the ridge there is a deep hollow, 
where the roofing-bone is very thin. In the orbital region the outer surface of the 
ridge is concave from below upwards as it passes to the orbital border, thus helping 
to form not only the roof but also the upper part of the inner wall of the eye-socket. 

The postfrontals (po.f., Pl. VI. fig. 1; text-fig. 46) stand out nearly at right angles 
to the long axis of the skull; at their inner end they unite posteriorly with the 
parietals, anteriorly with the frontals. The upper surface of these bones is concave 
posteriorly, but convex in front, the two areas being separated by a rounded ridge, the 
continuation outwards of the borders of the divisions of the sagittal crest, where they 
diverge on either side of the pineal foramen. On the outer end and on the outer 
portion of the posterior border are sutural surfaces, by which probably the bone joined 
the postorhital (p.orb.). The anterior edge of the bone constitutes the upper part of 
the posterior border of the orbit. — : 

The squamosal (sq., Pl. VI. fig. 1; text-figs. 46, 47), perhaps including the supra 
temporal, is badly preserved in all the skulls of Murenosaurus available for description. 
It is a triradiate bone; the upper, somewhat slender arm runs up to the lateral processes 
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of the parietal, the upper edge of which it completely overlaps, meeting its fellow of the 
opposite side in the mid-dorsal line ; this bar, formed by the union of the parietal and 
squamosal, constitutes the hinder border of the temporal fossa. ‘The lower arm is broad 
and unites closely with the quadrate. The anterior (zygomatic) arm, which is broad 
and flat, curves upwards and forwards, forming the posterior part of the single temporal 
arcade ; in front it unites with the jugal and for a short distance along its upper border 
with a triangular element, the postordital (p.ord.). The ventral border of this bone joins 
the jugal, while its upper angle unites in suture with the postfrontal, together with 
which it forms the anterior boundary of the temporal fossa and the posterior border 
of the orbit. A ridge running near the posterior edge of the postorbital becomes 
continuous posteriorly with the upper edge of the zygomatic bar of the squamosal. 

No well-preserved specimen of the guadrate (q.) region is available for description. 
The best shows that the articular surface for the mandible was strongly convex from 
before backwards and that from side to side it was concave on its outer, and strongly 
convex on its inner, half. There is no trace of a division into two elements, 
possibly quadrate and quadrato-jugal, both helping to form the articulation, such as 
will be noticed in the account of the skull of Zricleidus. ‘The quadrate is firmly 
united on its inner anterior face with the posterior limb of the pterygoid, and 
externally is overlapped by the squamosal, but the precise manner in which these 
unions is effected cannot be seen. 

The jugal (j., Pl. VI. fig. 1; text-figs. 46, 47) is a short, broad, and roughly 
quadrangular bone; posteriorly it unites with the zygomatic bar of the squamosal, 
above with the pcstorbital, below with the maxilla. ‘The remaining anterior free 
border helps to form the rim of the orbit. 

The maailla (mx., Pl. III. figs. 2,2a; Pl. VI. fig. 1; text-figs. 46, 47) consists 
mainly of a strong alveolar region containing the sockets of 15-16 teeth, of which the 
third, fourth, and fifth are considerably the largest ; behind these there is a diminution 
in size towards the hinder end of the series. On the inner side of each alveolus there 
is, as a rule, a pit, at the bottom of which the tip of the more or less developed 
successional tooth can be seen. ‘The facial portion of the maxilla is a broad convex 
plate, forming the lower border of the orbit, to which, moreover, it seems to have 
supplied an imperfect floor. ‘The palatal region of the bone is a thin plate uniting 
with the premaxille in front, then with the vomer, and behind this, again, with the 
palatines and probably also with the transverse bones. Posteriorly the maxilla joins 
the jugal, and in front of the orbital region its upper edge unites with the broad lower 
end of the prefrontal. The prefrontal (pr.f.) is not well preserved in any of the 
specimens, As just mentioned, its lower edge joins the maxilla, above which its posterior 
border helps to enclose the orbit. ‘The relations of the anterior edges are obscure, but 
it appears that at its upper end it joins the frontal and anteriorly forms a small portion 
of the border of the external narial opening. If, as is possible, the true prefrontal is 
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fused with the bones here described as frontals, then the element now under con- 
sideration must be called the lachrymal. 

Each premaailla ( pma., Pl. III. figs. 2, 2a; Pl. VI. fig. 1; text-figs. 46, 47) consists 
of a broad anterior portion and a long facial process which extends back to behind the 
anterior border of the orbits. They unite in a close median suture; in the broad 
anterior portion their upper surface is gently convex from side to side and is 
roughened and perforated with numerous vascular foramina, some near the middle 
line being of considerable size. The suture uniting these bones with the maxille 
crosses the alveolar border immediately behind the socket of the fifth tooth. On the 
facial surface the posterior border of the premaxilla runs upwards and backwards, 
passing into the outer border of the facial processes, a little below which it is notched 


Text-fig. 47. 





Semi-diagrammatic restoration of the palatal view of skull of Murenosaurus. (About 3 nat. size.) 


boc., basioccipital; i.m., internal nares; i.p.v., interpterygoid vacuity; 7., jugal; ma., maxilla; pal., 
palatine ; pas., parasphenoid; pma., premaxilla ; p.p.v., posterior palatine vacuity ; pt., pterygoid ; 
q-, quadrate ; sq., squamosal; ¢.p., transpalatine ; vom., vomer. 


by the anterior ends of the external narial opening. On the palatal surface the 
anterior ends of the vomers are wedged in between the palatal plates of the premaxille, 
and extend as far forwards as the level of the alveolus of the third or fourth tooth. 
Each premaxilla carries sockets for five teeth: of these the first is small and close to 
the middle line; the second, third, and fourth are much larger ; while the fifth is again 
small. The sockets of the first four teeth show that they were directed strongly 
forwards and doubtless were specially fitted for the prehension of living prey. 

The vomers (vom., text-fig. 47) occupy a considerable area in the anterior part of the 
palate. ‘They consist of a comparatively narrow anterior portion, which is thrust 
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between the premaxille, and a much broader posterior portion, the small internal 
nares being situated in the angle caused by the sudden widening. The outer and 
anterior border of the nares is formed by the maxille, which behind them unite with the 
vomers. Posteriorly the broad vomerine plates join the palatines and, towards the 
middle line, the pterygoids, the slender anterior ends of these bones being thrust 
between them for a short distance. 

The palatines (pal., text-fig. 47) are thin, roughly oblong bones; posteriorly they 
unite with the anterior edge of the lateral wing of the pterygoids (see below) and 
with the transpalatine, internally with the outer edge of the anterior limb of the 
pterygoids, while externally they join the maxille in an overlapping suture. 

The pterygoids (pt., text-fig. 47) are triradiate bones, of which the anterior and 
posterior rami are very long, the median one much shorter. The posterior ramus is 


* _ stout and somewhat compressed laterally ; towards its posterior end it becomes thicker, 


and on its inner face bears a large facet for union with the ventro-lateral process 
of the basioccipital described above. Behind this it curves outwards, and its hinder 
end unites with the inner edge of the quadrate, but no specimen showing the exact 
form of this part of the bone has been found. A little in front of the basioccipital 
facet there is another projection which seems to have effected a junction with the 
basisphenoid. The anterior (palatal) branch of the pterygoid is flattened and 
expanded. It is widest just in front of the point of union with the lateral ramus, and 
thence narrows gradually forwards terminating in a pointed process which unites with 
its fellow of the opposite side, the two running forwards between the hinder ends of 
the vomers, Behind this anterior union of the pterygoids there is in this genus a 
long median slit-like palatine vacuity extending back to the anterior end of the para- 
sphenoid (pas.), which, judging from a well-preserved example in a closely allied genus, 
was short and abruptly truncated in front; the pterygoids seem to have overlapped 
the edge of the parasphenoid for a short distance. The outer edge of the anterior 
process of the pterygoid unites closely with the palatine. The lateral ramus is short ; 
its posterior border is concave, passing by a gentle curve into the outer border of the 
posterior ramus. Towards its outer end it is much thickened to form a downwardly 
projecting knob, which unites with a corresponding process on the transverse bone. 
Anteriorly this ramus unites with the palatine. No good specimen of the transverse 
bone is preserved. 

The structure of the mandible (Pl. IIL. figs. 3,3a; Pl. VI. fig. 2; text-figs. 46 & 48) 
is somewhat difficult to make out with certainty. This arises from the fact that some 
of the bones of the ordinary reptilian mandible are either wanting or, at least in all 
the specimens seen, fused with other elements. The largest bones of the mandible are, 
as usual, the dentaries (dent.); these form the whole, or nearly the whole, of the 
symphysis and the greater part of the rami to a little beyond the alveolar region. They 


are widest at the symphysis, where they form a slight expansion, bearing large teeth 
N 
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directed outwards and forwards; behind this the teeth become smaller and are directed 
more upwards. Throughout the alveolar region there is within the line of functional 
alveolia series of pits, in which the tips of the replacing teeth appear. Within this again 
is a groove apparently running along the line of union of the dentary and splenial. 
‘There are about twenty teeth on each side of the mandible. The exact arrangement 
of the splenials (spl.) is not clear; they seem to form most of the inner surface of 


Text-fig, 48. 
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Posterior portion of right ramus of mandible of Murcnosaurus platyclis: A, inner face ; B, outer face. 


(R. 2678, type specimen, 2 nat. size.) 


ang., angular; g., groove on inner face of angular; s., probable suture between angular and articular 
surangular; s.ang. § art., united surangular and articular; s.d., sutural surfaces for union with the 
dentary ; spl., coronoid process of splenial. 


the mandibular ramus ; their lower border is separated from the dentaries by a deep 
Meckelian groove, which is continued posteriorly on the inner face of the angular 
(see text-fig. 48,¢.). They do not appear to have actually met in the symphysis (except 
perhaps for a short distance on the ventral surface), but are separated by a narrow 
wedge formed by the dentaries. Posteriorly it appears that they rise to form the 
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anterior part and summit of the triangular coronoid process (text-fig. 48, sp/.), and this 
region may include the fused coronoid bone, which has not been seen as a separate 
element in this genus, although it may be present in Zricleidus. The line of junction 
with the conjoined surangular and articular runs downwards and forwards from a 
point a little behind the summit of the coronoid process. 

The posterior part of the mandible appears to be composed of only two separate 
pieces—one, the fused articular and surangular (Pl. VI. fig. 2; text-fig. 48, s.ang. & 
art.); the other, the angular (ang.). ‘The combined surangular and articular form the 
upper and posterior part of the hinder end of the ramus; anteriorly the surangular 
unites in suture with the coronoid region of the splenial ; below this on its outer face 
it bears deep depressions (text-fig. 48, s.d.) which receive the upper part of the 
posterior end of the dentary ; below it unites with the angular in a long suture, which, 
as far as a point beneath the articular surface, runs parallel with the lower border 
of the jaw. At this point the suture turns up, and in the postarticular region runs 
along the upper and outer edge. ‘The relations with the angular cannot be clearly 
seen on the inner face of the jaw, at least not posteriorly. The articular surface is very 
deeply concave from before backwards (more than a semicircle. in M/. platyclis figured 
in text-fig. 48) ; in its outer half it is bounded anteriorly by a very strong prominence 
projecting backwards and inwards. ‘The surface, though concave from before back, is 
slightly convex from side to side, the median ridge thus formed working in the groove 
between the outer and inner condyles of the quadrate. No line of separation between 
the articular and surangular has been seen in any of the specimens examined. The 
angular (ang.) is a very large bone forming the whole of the lower part of the posterior 
half of the mandibular ramus. Its suture with the surangular and articular has been 
described above. In the postarticular region it forms a thin plate on the outer side 
and also the lower border and lower part of the inner face of the articular-surangular, 
but here the sutures are obscure. Possibly the inner half of the surface for the 
quadrate may be in part formed by the angular. In front of this surface the bone is 
deeply grooved longitudinally, the groove (text-fig. 48, 7.) extending right forwards to its 
anterior extremity, where it receives the lower edge of the dentary, which overlaps 
it also on the outer side of the jaw, the surface of union being distinctly marked 
(text-fig. 48, s.d.). 

The above description differs in several respects from that given by Williston * in 
the case of the mandibles of some American Plesiosaurs. In the mandible of 
Polycotylus, for instance, he recognises the presence of a suture between the articular 
and surangular, and also the occurrence of a prearticular element. He also, both in 
this genus and in the closely allied Zrinacromerum +, finds a distinct coronoid element, 

* « North American Plesiosaurs : Zrinacromerwm,” Journal of Geology, vol. xvi. (1908) pp. 720-1, fig. 6. 

+ “North American Plesiosaurs, Pt. I.,” Field Columbian Museum, Geological Series, vol. ii. no. 1 (1903) 
pp. 29-82, fig. 31. 

n2 
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of which nothing can be seen in Murenosaurus. Williston’s* figure of the mandible 
of Cimoliosaurus snowit seems to show that in that species the structure was very 
similar to that above described. 

Vertebral Column.—The vertebral column consists of 43-44 cervicals, 2 or 3 pectorals, 
20 dorsals, 3-4 sacrals, and an unknown number of caudals. The cervical series forms 
the greater part of the column, and in the type specimen of Murwnosaurus leedsi the 
neck was about 210 cm. long. | 

The atlas and aais (text-fig. 49) are always closely united in adult specimens, but in 
young individuals the lines of division between the different elements are quite distinct. 


Text-fig. 49, 





Atlas and axis of Murenosaurus durobrivensis: A, from right side; B, from front. (R. 2863, nat. size.) 


at.a., neural arch of atlas; a.w.b., anterior wedge-bone ; aa.a., neural arch of axis; az.c., centrum of axis; 
hy.r., hypapophysial ridge; n.c., neural canal; od., odontoid; ? p.w.b., ? posterior wedge-bone ; r.', rib 
of atlas; 7.’, rib of axis. 


‘The atlantal cup for the occipital condyle is deeply concave, and its diameter from 
above downwards is a little longer than from side to side. By far the greater part of 
it is formed by the anterior end of the odontoid (od.) process, which is here as large as 
or larger than the centrum of the axis. Its antero-ventral angle is cut away and unites 
with the anterior wedge-bone (a.w.d.), the front of which completes the lower portion 
of the atlantal cup. Above, the odontoid unites with the bases of lateral pieces of the 
neural arch of the atlas (a¢.a.). The union with these is not very extensive, since they do 


* Op. cit, (1903) p. 52, fig. 13, and pl. v. fig. 5. 
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not meet in the middle line, the floor of the neural canal being formed by the odontoid ; 
and they only form a very small share of the supra-lateral borders of the atlantal cup, 
being widely separated from-the ventral wedge-bone (text-fig. 49, B). In some Liassic 
Plesiosaurs, on the other hand, the odontoid takes a much smaller share in the 
formation of the atlantal cup, while the lateral pieces extend downwards and unite 
extensively with the upper end of the wedge-bone*, so that the odontoid only forms 
the middle portion and the neural border of the cup. Curiously enough, this condition 
is repeated in the American Cretaceous Plesiosaur Trinacromerum (Dolichorhynchops) 
osborni, described by Williston t+. In fact, in the structure of the articulation with 
the skull, Murenosaurus seems to retain a much more primitive condition than is 
found in some, at least, of the Liassic and Cretaceous types. 

The upper portions of the lateral (neural) pieces of the atlas run backwards and bear 
at their extremities comparatively large zygapophysial facets, by which they unite 
with the corresponding surfaces on the side of the arch of the axis (av.a.). The two 
halves of the arch are separated from one another superiorly by a considerable interval. 
The anterior subvertebral wedge-bone (a.w.b.), as already noted, forms the” lower 
portion of the atlantal cup. Above it unites with the odontoid in a suture running 
backwards and a little downwards, Posteriorly it is bounded by a nearly vertical 
suture, but whether this separates it from the second subvertebral wedge-bone (? p.w.d.) 
or from a ventral prolongation of the odontoid, cannot be determined; its free 
ventral surface is raised into a strong hypapophysial ridge (hy.r.), which is continued 
back on the ventral surface of the bone behind, and dies away at the middle of the 
axial centrum (aa.c.). This latter is similar in every respect to the succeeding 
centra, except that it is fused with the odontoid in front. Above it bears a neural 
arch (av.a.) with a spine, the highest point of which is at its posterior end. The 
pedicles of the arch widen out considerably at their ventral end, so that the surface 
for union with the centrum projects anteriorly a little beyond the axial centrum and 
unites also with the odontoid. The anterior and posterior zygapophyses are both 
well developed. Beneath the surface for union with the neural arch the sides of the 
centrum are a little concave, but then turn outwards and bear the facet (r.?) for the 
large axial rib; the extreme anterior edge of this facet seems to be borne by the 
odontoid, which also has a small prominence apparently indicating the presence of a 
very rudimentary atlantal rib (7.'). The posterior face of the axial centrum is gently 
concave and is a rounded oval, the position of the neural canal being marked by a 
slight concavity. 

The above description of the atlas and axis is founded on a specimen belonging to a 


* See Barrett, “On the Atlas and Axis of a Plesiosaur,” Ann. Mag. Nat. Hist. [3] vol. 1. (1858) p. 361, 
pl. xiii. 

+ “North American Plesiosaurs, Pt. I.,” Field Columbian Museum, Geological Series, vol. ii. no. 1 (1903) 
p. 32, pl. xxii. fig. 5. 
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skeleton of Murwnosaurus durobrivensis (R. 2863), since no well-preserved examples 
of these bones in the type species (JZ. leedsi) are contained in the collection. In 
M. leedsi the somewhat imperfect and badly-preserved atlas and axis have been 
described by Professor Seeley *, and, so far as can be seen, differ in no important 
points from those just noticed (P]. IV. fig. 1). The remainder of the cervical region 
(Pl. IV. figs. 2-4; Pl. V. figs. 1-3; Pl. VI. figs. 4, 5; text-figs. 50, 51) is characterised 
by the large number (about 41) of vertebree composing it and the greater relative 
length of the centra compared with those of the cervicals in Cryptocleidus and 


Text-fig. 50. 
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Anterior cervical vertebra of Murcwnosaurus durobrivensis : A, from left side; B, from behind. 
(R. 2863, about nat. size.) 


a.z., anterior zygapophysis ; 7.c., neural canal; n.s., neural spine; p.z., posterior zygapophysis ; 
7.f., facet for rib; s., neuro-central suture. 


Tricleidus: measurements will be given under the different species. The articular 
ends of the centra are a rounded oval in outline, with the transverse diameter a little 
longer than the vertical—this difference being less in the anterior than in the posterior 
cervicals: there is a slight flattening beneath the neural canal. The articular 
faces are gently concave and are surrounded by a sharply defined rounded border ; 


* «On Murenosaurus leedsi, a Plesiosaurian from the Oxford Clay,” Quart. Journ. Geol. Soe. vol. xxx. 
(1874) p. 200. 
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the centre is usually marked by a small dimple or pit indicating the spot where the 
notochord was originally situated. ‘The sides of the centra beneath the bases of 
the neural arch are concave both from before backwards and from above downwards. 
The ventro-lateral regions of the centra are occupied by the rather prominent facets (7.f-) 
for the cervical ribs. The shape of these surfaces differs in the different species: in 
Murenosaurus leedsi there is a prominent longitudinal ridge or fold immediately above 


Text-fig. 51. 








Posterior cervical vertebre (? thirty-fourth and thirty- fifth) of Murenosaurus durobrivensis : 
A, from left side; B, from back. (R. 2863, 2 nat. size.) 


.z., anterior zygapophysis ; 7.c., neural canal; x.s., neural spine; p.z., posterior zygapophysis ; r., ridge on 


inner face of neural arch; r.f., facet for cervical rib; s., neuro-central suture. 


the rib-facet (Pl. IV. figs. 2-4). At about the fortieth vertebra the rib-facets begin to 
rise on the sides of the centrum, and on the forty-fourth and the next one or two 
vertebre the facets are borne partly on the arch and partly on the centrum; the 


™N 


96 MARINE REPTILES OF THE OXFORD CLAY, 


vertebree on which this occurs are sometimes called pectorals (text-fig. 52). The 
ventral face of the cervical centra is concave from before backwards, and nearly flat or 
a little convex from side to side; on the middle line there is a low longitudinal ridge 
separating a pair of nutritive foramina. The edges of the centrum just before they 


Text-fig. 52. 

















Pectoral and first dorsal vertebre of Muranosaurus durobrivensis. (R. 2863, # nat. size.) 


a.z., anterior zygapophysis ; 7.s., neural spine; p.z., posterior zygapophysis ; r.f., facets for ribs ; 
s., neuro-central suture. 


pass into the articular faces are often marked by a series of fine plications, the presence 
of which seems to have led Phillips * to confer the name Plesiosaurus plicatus on the 
first named species belonging to the subsequently established genus Murenosaurus. 


* «Geology of Oxford’ (1871) p. 313. 


MURZNOSAURUS. O7 


The pedicles of the newral arches unite with large diamond-shaped facets which 
extend nearly the whole length of the centra. In the cervical region, as in the rest of 
the vertebral column, the neural arch may or may not fuse with the centrum, its 
freedom or otherwise being apparently dependent entirely on the age of the individual. 
In the type specimen of Murcanosaurus leedsi the fusion is complete, while in a much 
larger skeleton, to which Lydekker gave the name Cimoliosaurus durobrivensis, the 
arches are all free (text-figs. 50-52), so that probably when full-grown this species 
attained a much greater size than M/urenosaurus leedsi. Above their base the pedicles 
narrow somewhat, but then widen out to the zygapophyses. Of these the anterior (a.z.) 
are roughly oval in outline and their articular faces are flat or, in the hinder part of 
the neck, concave from side to side; as usual they look upwards and inwards; the 
posterior (p.z.) are similar in outline and are flat or somewhat convex from side to side, 
- and look outwards and downwards. Both the anterior and posterior zygapophyses 
project considerably beyond the level of the articular ends of the centrum; the 
posterior to the greater extent. In about the anterior nineteen vertebre a ridge runs 
backwards from the outer edge of the anterior zygapophysis (text-fig. 50, A) and 
posteriorly becomes continuous with the outer border of the posterior zygapophysis ; 
in this region the neural spine (z.s.) rises from the middle of the surface bounded by 
these ridges, which in the posterior cervicals becomes less and less developed till they 
disappear, and the outer surfaces of the pedicles pass without interruption into the 
sides of the neural spine. In the anterior portion of the cervical region (text-fig. 50) 
the strongly compressed neural spines (7.s.) are low and confined to the posterior half 
of the arch, but further back they become very high (Pl. VI. fig. 4; text-fig. 51) and 
widen out towards their base, so as to extend forwards between the anterior zygapophyses ; 
their anterior border is concave, the posterior convex, and their summits, which are 
abruptly truncated about at right angles to their long axis, are occupied by roughened 
surfaces, which in life were no doubt tipped with cartilage. In the pectoral vertebre 
(text-fig. 52) the centra and the neural arches are, on the whole, similar to the posterior 
cervicals, except that the rib-articulation has passed upwards and is situated in part on 
the centrum and in part on a short stout transverse process arising from the lower 
part of the pedicle. This process becomes more and more prominent and rises on the 
arch till on about the 46th vertebra, which may be regarded as the first dorsal, where 
it alone bears the articulation for the rib. 

The articular surfaces of the centra of the dorsal vertebre (PI. IV. fig. 5; Pl. V. fig. 5; 
text-figs. 53-55) are nearly circular in outline, there being only a slight concavity 
beneath the neural canal; they are nearly flat, with a small papilla having a pit at its 
summit, in their centre, and they are separated from the lateral and ventral surfaces of 
the centrum by a sharp and clearly-defined edge. ‘The ventral surface is smooth and 
evenly convex from side to side ; the lateral surfaces beneath the facets for union with 
the neural arch are somewhat concave and are perforated by large nutritive foramina. 
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The facets for the bases of the neural arch are diamond-shaped: they extend almost 
from end to end of the centrum and are deeply excavated. The floor of the neural 
canal is gently concave from side to side; it is greatly narrowed in the middle by the 
encroachment of the surfaces for the neural arch; near its middle there is a pair of 
small nutritive foramina. 


Text-fig. 53. 





Anterior dorsal vertebra of Murenosaurus durobrivensis, trom front. (R. 2863, 3 nat. size.) 


a.z., anterior zygapophysis ; n.c., neural canal; n.s., neural spine; 7,f., facet for rib ; 
t.p., transverse process, 


In the dorsal region the pedicles of the neural arches are stout and, as already 
stated, unite with the centrum by a diamond-shaped surface, the suture (s.) becoming 
obliterated in old animals. The neural canal (n.c.) is oval in outline, the long axis 
being vertical. The neural spine (.s.) is high and compressed ; its border is slightly 
concave anteriorly and convex posteriorly, the spine as a whole, on most of the 
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vertebree, sloping backwards at its base and then turning to a vertical direction ; its 
upper end is abruptly truncated by a surface for cartilage. Near the base of the spine 
on both the anterior and posterior edges there is a deep vertical groove for the 
attachment of ligaments; on the posterior surface this groove separates the posterior 


Text-fig. 54, 





Middle dorsal vertebra of Murcnosaurus durobrivensis, from front. (R. 2863, 2 nat. size.) 


a.z., anterior zygapophysis ; n.c., neural canal ; n.s., neural spine ; r,f., facet for rib ; 
t.p., transverse process. 


zygapophyses (p.z.). These form strong prominences and their articular surfaces, 
which are convex from side to side, look nearly directly downwards. The anterior 
02 
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zygapophyses (a.z.) are almost parallel with one another and separated anteriorly by a 
deep notch : their articular surface is concave from side to side. As already mentioned, 
in the two or three vertebre (pectorals) behind the cervical series the rib-articulation 
is borne partly on the centrum and partly on the arch; in the dorsal region it passes 
entirely on to the arch and is situated at the end of a more or less elongated transverse 
process (t.p.). In the anterior dorsal region these processes are comparatively short 
and stout (Pl. IV. fig. 5; text-fig. 53); they arise from the bases of the arches and are 


Text-fig. 55. 
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Posterior dorsal vertebra of Murcenosaurus durobrivensis, from left side. (R. 2863, 2 nat. size.) 


a.%, anterior zygapophysis ; .s., neural spine ; r.f., facet for rib ; s., neuro-central suture ; 
t.p., transverse process. 


somewhat curved, the concavity being downwards; towards their extremities they 
enlarge and bear large convex facets (r.f.), for union with the single-headed ribs. 
Further back the processes arise higher and higher up the arch, and at the same time 
they become more slender at the base and curve a little backwards, so that the rib- 
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facet looks less directly outwards than in the anterior dorsals; the anterior face of the 
processes is marked by a strong longitudinal ridge for muscle-attachment (text-fig. 54). 
In the posterior dorsals (text-fig. 55) the transverse processes rapidly shorten and 
pass down the arch to the lower end of the pedicle; behind this in the sacral and 
caudal regions no transverse processes are present, the ribs articulating directly with 
facets at the sides of the centra. 

There are three or four sacral vertebre (text-fig. 56), the centra of which become 
more and more depressed, so that the transverse diameter of the oval articular end 
is greater than the vertical diameter; at the same time they become shortened, a 


Text-fig. 56, 
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Sacral vertebra and rib of Murenosaurus durobrivensis: A, from above; B, from left side ; 
C, from front with rib, (R. 2863, 2 nat. size.) 


a.f., facet on centrum for neural arch; a’.f., facet for neural arch on proximal end of sacral rib ; 
rf., facet for sacral rib; s.r., sacral rib; s.f., facet for attachment with ilium. 


process continued into the caudal series. The articular faces of the centra are nearly 
flat with a central tubercle. The ventral face is evenly and gently convex from side to 
side and is perforated laterally by a pair of foramina; externally its middle portion 
passes into the ventral surface of the prominence, which bears the deeply-cupped 
surface (7.f.) for union with the sacral rib (s.r.); this surface is situated a little nearer 
the posterior than the anterior end of the centrum and is continuous above with that 
for union with the neural arch (@.f.); this surface also is deeply concave and extends 
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to, or nearly to, the posterior end of the centrum, but is separated from the anterior 
end by a considerable interval. ‘The floor of the neural canal is gently concave from 
side to side ; it is much narrowed between the surfaces for the neural arch, and widens 
out considerably in front of and behindthem. The neural arches of the sacral vertebre 
are not well known, but it can be seen that the outer side of the pedicle had a small 
surface for union with the upper side of the inner end of the sacral rib (a',f.). 

In the caudal region the centra of the vertebre are shorter than in other parts of the 
column (Pl. LV. fig. 6; Pl. V. figs. 6, 7; text-figs. 57-59). At the same time they 
become much wider than high, and in consequence of the presence of large facets for 


Text-fig. 57. 
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Middle caudal vertebra of Murcnosaurus durobrivensis: A, from front; B, from left side ; 
C, from below. (R. 2863, 2 nat. size.) 


c.f., facets for chevrons; n.a., neural arch ; 7,f., facets for caudal ribs. 


the union of the arches and ribs they often present a more or less pentangular outline. 
The articular faces are rather more concave than in the dorsal and sacral regions. 
The facet for union with the arch is large, extending nearly the whole length of the 
centrum ; the floor of the neural canal is concave from side to side and widest behind. 
The surface (r,f.) for union with the caudal rib is large and nearly circular ; above it is 
usually continuous with that for the neural arch. Beneath it the sides of the centrum 
are slightly concave from above downwards, and are separated from the nearly flat 
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ventral face by rounded ridges, the posterior ends of which in the anterior caudals, and 
both the anterior and posterior ends in the middle and the posterior caudals, are trun- 
cated by oblique facets (¢c.f.) for union with the chevrons; when both anterior and 
posterior facets are present, the latter are usually the larger (text-figs. 57-59, c.f.). 
At the posterior end of the caudal region (text-fig. 58) the centra become reduced in 
size very rapidly ; the actual terminal vertebre are not known in this genus. In the 
anterior part of the caudal region the neural arches are not well known, but it appears 
that they possessed well-developed zygapophyses and comparatively high laterally com- 
pressed neural spines. Further back beyond the middle of the tail (text-figs. 58, 59) the 














Posterior caudal vertebra of Muranosaurus platyclis: A, from below; B, from front ; 
C, from right side. (R. 2425, 2 nat. size.) 


c.f., facets for chevrons; ¢.r., caudal ribs; 7.a., neural arch. 


arch becomes smaller and stouter, bearing a short thick neural spine (1.s., .a.) ter- 
minating above in a surface for cartilage; in this region the zygapophyses have 
disappeared, or are represented only by slight rugosities. Further back still the arch 
is more massive and encloses a very small neural canal. ‘The spine is very short and 
thick, and is almost rectangular in section; it slopes a little backwards and terminates 
above in a large, slightly concave surface for a cap of cartilage. There is no trace of 
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any flexure in the caudal region such as is seen in Ophthalmosaurus. The chevrons 
(text-fig. 59) are paired compressed rods of bone which do not unite with one 
another ventrally; they are usually slightly curved, at least in the anterior part 
of the tail, where they unite with single facets on or near the hinder border of the 


Text-fig. 59. 
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Caudal vertebree and chevrons of Murcnosaurus leedsi: A, posterior caudal from back; B, same specimen 
from right side ; O, middle caudal vertebra from back; D, same specimen from right side; E, anterior 
caudal from back; F, G, H, three chevron-bones from side. (R. 2864, % nat. size.) 


c., chevron-bones ; ¢.f., facets for chevron-bones ; ¢.7., caudal ribs ; f., facets of chevron- 
bones for articulation with caudal centra ; n.s., neural spine. 


centra (c., text-fig. 59, K). Further back they articulate by two facets (¢,f.) between the 
centra of successive vertebre; the two facets make an obtuse angle with each other, 
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and the anterior one is usually the larger; as these bones are followed towards the end 
of the tail they become shorter and shorter (text-fig. 59, H, G, F), disappearing entirely 
in the last few vertebre. 

The cervical vids (r., Pl. IV. figs. 2,3, 4; Pl. VI. figs. 4,5) are all single-headed, 
the only sign. that they may at one time have possessed two heads being perhaps 
shown in the peculiar form of the rib-facets in some of the cervical vertebre of 
Murenosaurus durobrivensis, where the articular surface is produced a little upwards 
into a sort of small dorsal lobe (text-fig. 50, A, 7.f.), which, however, is quite continuous 
with the remainder of the surface. 

On the atlas the rib (7.1, text-fig. 49) is merely a small pointed process, but on the 
axis (7.2) it is much larger and similar to the succeeding cervical ribs. ‘These vary 
in form considerably in the different species. In Murenosaurus leedsi (Pl. IV. figs. 2-4) 
they are strongly compressed from above downwards, and on the anterior portion of 
the neck have a well-marked anterior angulation of the blade, thus showing some 
approximation to the hatchet-like form found in many Liassic Plesiosaurs and in 
Picrocleidus beloclis. In M. platyclis the ribs are likewise greatly compressed from 
above downwards into thin plates; but the anterior angulation is well marked only in 
the anterior vertebre in some specimens, and at the back of the neck they become 
broad, thin, and slightly backwardly directed plates of bone (Pl. VI. fig. 4). In both 
these species there is a longitudinal ridge on the side of the centrum immediately above 
the facet for the rib (Pl. IV. figs. 2, 3). In Murenosaurus durobrivensis the cervical 
ribs are much less compressed than in the other species, especially in the posterior part 
of the neck, where they are oval in section, at least near the base. 

The dorsal ribs (text-fig. 60, C, D) articulate with the ends of the transverse 
processes by large slightly concave oval surfaces, the long diameter of which is 
vertical. ‘Towards the articulation the bone becomes somewhat compressed from before 
backwards, and its surface bears strong ridges for the attachment of muscles. Further 
out it becomes rounded in section and terminates abruptly at its ventral end in a 
concave surface, indicating that in life it was tipped with cartilage. 

There were either three or four pairs of sacral ribs (text-fig. 56, s.7.}, which differ 
from one another considerably in form, and their arrangement with regard to one 
another is not certain. ‘They are all stout bars of bone, enlarged at their extremities, 
the inner end of each bearing a strongly convex surface for union with its centrum, with 
which it may fuse; the upper border of the proximal end may also bear a facet (a’.f.) 
looking upwards and articulating with the outer part of the pedicle of the neural 
arch. The outer end terminates in a convex facet (s,f.), which no doubt was connected 
in some way with the illum. In some of the sacral ribs the shaft is curved, so that 
probably they converged towards their outer ends. 

- The caudal ribs (text-figs. 58, 59, ¢.7.) articulate with the centra by strongly convex 
facets ; they are compressed from above downwards, sometimes to a high degree, and in 
Pp 
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the posterior portion of the tail are curved backwards, their outer ends being occupied 
by a nearly flat facet. 

In both the cervical and caudal regions the ribs may fuse with the centra or remain 
separate. Their freedom or fusion is not of any systematic significance, except so far 
as it may indicate that in some forms the adult condition is attained while the animal 
is small, while in others the fusion does not take place till it has reached a large size. 
‘The same remarks hold good with regard to the fusion or separation of the neural 
arches throughout the column. 

The arrangement of the ventral ribs (text-fig. 60, A, B) is not well known in this 
genus: probably they were placed much as in Cryptocleidus (see below, p. 175)—at 
least the individual elements are closely similar to those found in that genus, in which 


Text-fig. 60. 





























Ventral and dorsal ribs of Murenosaurus durobrivensis: A, median ventral rib; B, posterior median 
ventral rib; C, dorsal rib from behind; D, articular end of dorsal rib. (R. 2863, 7 nat. size.) 


s.r., surface for union with lateral ventral rib. 


each of the transverse rows (with the possible exception of one or two posteriorly) 
consists of a median and three pairs of lateral bones. ‘The median bone (text-fig. 
60, A, B) is overlapped at either end by the inner ends of the first lateral pair, which 
are closely applied to its anterior face: these again are overlapped in a similar way by 
the second pair, and these again by the inner ends of the outer pair (see figure of 
plastron of Cryptoclecdus, text-fig. 86, p. 175). 

Shoulder-girdle (Pl. VI. figs. 3, 6; text-figs. 61, 62, 67, 68).—Before describing the 
structure of the shoulder-girdle in Murenosaurus it may be well to give a_ brief 
account of this portion of the skeleton in the Sauropterygia generally, especially as its 
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structure has been the subject of much controversy and can only be understood by 
reference to the earlier members of the group, such as the Triassic Nothosaurs. In 
these reptiles the shoulder-girdle consists of scapule, enlarged coracoids, and a more 
or less complete arch of bones forming an anterior transverse bar, of which the outer 
ends are united to ventral processes of the scapule. The constituent elements of 
this bar are three in number, one median and two lateral, and it is concerning the 
nature of these bones that discussion has arisen, some anatomists regarding them, or 
at any rate the median one, as of sternal origin, others as clavicles and interclavicle and 
therefore as membrane-bones. This latter interpretation has been strongly, and, in 
my opinion, rightly, supported by the late Professor Seeley, and, as in my former papers, 
this view is here adopted. ‘The presence of this clavicular arch closely united at its 
outer ends with the scapule, seems to be correlated with the adoption of an aquatic life 
and the consequent alteration in the direction of the pressure on the shoulder-girdle 
through the glenoid cavity; since under the new conditions instead of the fore limbs 
helping to support the weight of the body, as they do in most terrestrial animals, they 
now are mainly concerned in propelling it forwards through the water. ‘The consequence 
of this is, that the thrust of the head of the humerus on the glenoid cavity is directed 
more or less forwards instead of mainly upwards, and the presence of the transverse 
clavicular bar attached to the scapule is necessary to resist the forward and inward 
thrust; and from the Nothosauride through the Plesiosauride to the most highly 
specialised Elasmosauride the modifications of the shoulder-girdle that have taken 
place are in the direction of increased rigidity in that region. In the course of this 
series of changes there is a tendency to the reduction of the clavicular arch accompanied 
by, and consequent upon, the increasing size and importance of the ventral ramus of 
the scapula. In the Triassic genus Nothosaurus the clavicular arch (text-fig. 61, B) 
is a long curved bar composed of a pair of elongated clavicles, uniting at their median 
ends with one another and with the small interclavicle, and externally uniting in suture 
with a small ventral expansion of the scapule. In most of the Liassic Plesiosaurs 
(text-fig. 61, A) the ventral processes of the scapul are increased in size, and in some 
cases may be in contact with one another in the middle line. ‘The clavicular arch, which 
is overlapped below by the ventral processes of the scapula, is modified in various ways : 
as a rule, the interclavicle is large and extends back to the coracoids, so that the space 
between the clavicular arch and the coracoids is divided into two separate openings ; 
the clavicles may be much reduced. In the animal which has been called by 
Lydekker * Thawmatosaurus arcuatus the condition is rather different, the clavicie 
and interclavicle being both large and the latter not extending back to the coracoids, 
but having a concave posterior border. In Mureosaurus (text-figs. 62, 68), 
Cryptocleidus (text-figs. 87-89), and other members of the Elasmosauride the rigidity 


* Catal. Foss. Rept. Brit. Mus. pt. ii. (1889) p. 163. 


108 MARINE REPTILES OF THE OXFORD CLAY. 


of the anterior part of the shoulder-girdle is mainly effected by the great increase in 
size of the ventral bars of the scapule, which, in the adult, meet in median symphysis 
and also send back processes which meet the median anterior prolongations of the 
coracoids. ‘The consequence of this extension of the scapule inwards to the middle 
line is, that the clavicular arch comes to lie on the visceral surface of those bones and 
becomes functionless, at least in the adult animal, and undergoes reduction. This 
may take place in several ways, and there is great variability in the degree to which 
it is carried, practically all stages from the presence of a well-developed clavicle and 


Text-fig. 61. 





Shoulder-girdle of: A, Plestosaurus ? rostratus (R. 1315, about 4 nat. size), from below ; 


B, Nothosaurus sp., from above. (About 7 nat. size.) 


cl., clavicle ; cor., coracoid ; z.cl., interclavicle ; sc., scapula; v.sc., ventral ramus of scapula. 


interclavicle to the almost complete absence of either or both these elements. Some 
of the various forms are shown in the text-figures of the shoulder-girdle in the 
different genera, 

In Murenosaurus (Pl. VI. fig. 3; text-figs. 62, 67, 68) the clavicles in most cases 
undergo great reduction and may become mere paper-thin plates of bone adherent 
to the inner face of the interclavicle (Pl. VI. fig. 3) and of the ventral ramus of the 
scapula, The interclavicle (P1. VI. fig. 6) is usually a well-developed, more or less oval 
disc of bone. thin at the margin, but thickening towards the middle; its anterior 
border bears in the middle line a rounded notch with somewhat thickened edges, 
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while the middle of the posterior border may either bear a similar rounded notch 
(M. durobrivensis, Pl. V. fig. 10; M. platyclis, Pl. VI. fig. 3; text-fig. 68) or it 
may be produced back into a short pointed process (? J. leedsi, Pl. VI. fig. 6; text- 
fig. 62); in the former case the notch may form the anterior border of the interscapular 
foramen (i.s,f., Pl. VI. fig. 3; text-fig. 68). The variations of the shoulder-girdle in 
this genus will be noticed under the different species into which it has been found 
desirable to distribute it. 


Text-fig. 62. 





Shoulder-girdle of Murenosaurus ?leedsi. (R. 3704, 4 nat. size.) 


cor., coracoid ; gl., glenoid cavity ; i.cl., interclavicle ; 7.s.f., interscapular foramen; s¢., scapula. 


The scapule (sc., Pl. VI. fig. 3; text-figs. 62, 67, 68), as in the other genera of the 
Elasmosauride, are triradiate bones, each consisting of a posterior arm uniting with 
the antero-external angle of the coracoid, a dorsal arm extending towards the vertebral 
column, and a ventral expansion which, in the adult animal, meets its fellow in the 
middle line in a deep symphysial surface, which extends back to meet the anterior 
median prolongations of the coracoids. ‘The posterior bar is thickened at its extremity, 
where it bears two facets, one for union with the coracoid, the other forming the 
anterior part of the glenoid cavity. ‘The first of these facets looks backwards and 
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inwards; it is triangular in outline and its nearly flat surface bears rugosities which 
indicate that in life it was capped with cartilage. ‘The glenoid facet looks backwards 
and outwards, making an angle of about 90° with that for the coracoid; in outline 
it is half an oval, the line of union with the other surface being the short diameter of 
the oval; it is only slightly concave and nearly smooth in specimens in which ossifi- 
cation seems to be approaching completion, but in younger animals it may be 
roughened, and was no doubt covered with cartilage. The shaft of the posterior bar 
is almost triangular in section: one angle forms the sharp outer border of the coraco- 
scapular fenestra ; the lower angle forms a strong ridge which extends on the outer 
(lower) face of the bone from the anterior angle of the glenoid cavity to the anterior 
angle of the blade, forming the line of division between the dorsal and ventral portions. 
The dorsal arm is directed a little backwards; it rises from a broad base, but narrows 
above, the anterior and posterior borders becoming nearly parallel; its upper supra- 
scapular border is terminated by a narrow concave surface, indicating the presence of a 
cap of cartilage. ‘The size and shape of the ventral ramus of the scapula vary both 
according to the species and with the age of the individual. Probably in all specimens 
of fully grown animals the scapule of opposite sides meet in median suture and 
extend back to meet the anterior median prolongations of the coracoids. In the type 
specimen of M. platyclis, in which growth was complete, the scapula (PI. VI. fig. 3 ; 
text-fig. 68) has a broad ventral plate, of which the concave upper surface is continuous 
with the upper surface of the dorsal ramus, but the ventral face is sharply separated 
from the outer face by the ridge-like angle referred to above. The ventral plates of the 
opposite scapule meet in median suture in their posterior half only, where they are 
much thickened ; the thin anterior portions are separated by a deep notch, the posterior 
end ot which formed the posterior boundary of the oval interscapular foramen, the 
anterior border of which is constituted by the posterior notch of the interclavicle 
(i.sf., Pl. VI. tig. 3; text-fig. 68). The posterior prolongaticns towards the coracoid 
are nearly semicircular in section, the diameter of the semicircle being the sutural 
surface by which they unite with one another; posteriorly they join the anterior bars 
of the coracoids by semicircular surfaces which, in some cases, are further forward on 
one side than the other, owing to the anterior prolongation of one coracoid being longer 
than that of the other (Pl. VI. fig. 3). Except for a slight prominence on its outer 
third, the anterior border of the ventral ramus is nearly straight, and it runs inwards 
aud backwards towards the middle line, the anterior border of the united scapulee 
forming a widely open V, which in life was covered by the interclavicle, which only 
rested on the inner face of the scapule by its outer and posterior borders, and was not 
entirely shut in by bone below, as are the clavicles in adult specimens of Cryptocleidus : 
possibly, however, the V was partly closed by cartilaginous extensions of the edges of 
the scapula. The arrangement of the interscapular foramen has been referred to 
above. 
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The coracoids (text-figs. 62, 67, 68) are very large and broad plates of bone, thin 
posteriorly, with a much thickened region between the glenoid cavities, the thickening 
being indicated on the visceral surface by a strong antero-posterior convexity. 
Internally the two bones unite with one another in the middle line in a long suture, 
which, in the adult, is continued forwards between the anterior median prolongations 
of the bones till it becomes continuous with the symphysis of the scapule. In its 
posterior portion the symphysial surface is thin, but at the thickened portion of the 
bone it widens out, again narrowing a little between the anterior prolongations, which 
are approximately semicircular in section like the posterior processes of the scapule. 
The form of the posterior border of the bone is best understood from the figures. The 
postero-lateral processes do not seem to develop till late in life (cf. text-fig. 62) 
and never attain the strong development found in the coracoids of Cryptocleidus. The 
outer border is evenly concave and towards the middle is sharp-edged, thickening 
anteriorly and posteriorly. Anteriorly it terminates on the hinder angle of the broad 
glenoid surface which looks outwards and forwards and is half an oval in outline, the 
line of junction with the glenoid surface of the scapula being the short diameter of 
the oval; this surface is very slightly concave, and in large individuals nearly smooth. 
The facet for articulation with the head of the scapula looks outwards and forwards, 
making an angle of about 135° with the glenoid surface; it is triangular and much 
roughened. Theanterior edge of the bone forming the posterior border of the coraco- 
scapular opening is thin and sharp. 

Fore Limb (Pl. IV. fig. 7; Pl. V. fig. 11; text-fig. 63, B)—The fore limb is 
considerably larger than the hind limb *, and the distal end. of the humerus is more 
expanded than that of the femur. In ‘older individuals of the larger species 
(M. durobrivensis, Pl. V. fig. 11) the humerus may become extremely massive and 
the distal end proportionately wider, although there is no approach to the great 
expansion seen in the humerus of Cryptocleidus. The upper end is considerably 
enlarged and bears the head and the great tuberosity, which is situated on the 
dorsal surface a little towards the posterior side. ‘The head does not seem to have 
ever become fully ossified, the surface even in the oldest individuals being only 
slightly convex and covered with rugosities and tubercles, which seem to indicate 
that a considerable capping of cartilage was present, a conclusion which is supported 
by the form of the glenoid cavity; probably the cartilage-covered head was nearly 
hemispherical. Above and posteriorly the cartilage-covered surface of the head is 
continuous with that forming the upper end of the great tuberosity, the two surfaces 
making a slight angle with one another. The upper end of the tuberosity is 
roughly oblong in outline, its outer angle forming strong prominences; from the 


* In the original description of Murenosaurus leedsi it is stated that the fore limb is the smaller, but 
the paddle described is really the hind limb (Quart. Journ. Geol. Soc, vol. xxx. (1874) p. 207). 
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hinder angle a short crest runs down on to the hinder face of the upper part of the 
shaft. Both the upper end of the tuberosity and of this ridge seem to have been 


Text-fig. 63. 
































Paddles of Murenosaurus leedsi: A, left hind paddle from ventral side 
B, left fore paddle from ventral side. (R. 2864, about 1 nat. size.) 
d,, tuberosity of humerus; f., fibula; fem., femur; fid., fibulare; h., head of humerus and femur ; Aum., 
humerus ; mt., intermedium ; p., pisiform; 7., radius; rad., radiale; r.m., ridges for muscle-attach- 
ment ; ¢., tibia ; db., tibiale; v., ulna; wln., ulnare; I.-V., first to fifth digits. 
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covered with cartilage in life. The shaft is somewhat compressed from above 
downwards, its narrowest part being about the middle of its length, where it is oval in 
section. On the ventral face near the preaxial border and a little above the middle of 
the shaft is a strongly marked rugose surface for the attachment of muscles; in old 
individuals much of the upper part of the ventral face of the bone, both above and 
below this surface, is considerably roughened by ridges and tubercles. On both the 
ulnar and radial borders of the shaft there are smaller rugosities for muscle-attachment. 
Both the anterior and posterior borders of the bone are concave, the posterior concavity 
being the most marked. The distal end is compressed dorso-ventrally and much 
expanded, especially in old individuals in which ossification is far advanced, but, as 
mentioned above, the expansion is never so great as in the humerus of Cryptocleidus. 
At its distal end the humerus articulates with the radius and ulna, the surfaces for 
which meet one another at a very obtuse angle. These surfaces are rough and in life 
were no doubt covered with cartilage, which also extended along the postaxial and to 
some degree the preaxial borders of the expansion ; it is possible that small ossifications 
may have occurred in the pre-radial or more often in the post-ulnar cartilage. Such 
an ossification is shown in the figure of the fore limb of Tricletdus (text-fig. 77). The 
surface of the humerus has a peculiar fibrous appearance, the direction of the “fibres” 
being longitudinal. The middle of the shaft is nearly smooth, but towards the 
extremities, especially on the distal expansion, the surface is pitted by a number of 
small foramina running inwards towards the middle of the shaft. 

The general form of the radius (7. Pl. IV. fig. 7;  text-fig. 63, B) will be 
best understood from the figures. The oblique proximal surface for union with the 
humerus is gently convex, the comparatively thin anterior (preaxial) border is gently 
concave, while the thickened ulnar (postaxial) border is sharply notched. Distally the 
bone articulates with the intermedium by a short facet looking downwards and back- 
wards, and with the radiale by a gently concave or flat surface. ‘The wlna (w., Pl. IV. 
fig. 7; text-fig. 63, B) is much smaller than the radius, particularly in length; its 
anterior (radial) border is deeply notched, and the notch with the corresponding one on 
the radius encloses a foramen, representing the opening between the shafts of the two 
bones before they had become so much shortened. ‘The posterior border is convex, 
while the distal bears two facets making a very obtuse angle with one another; the 
anterior facet, which is the larger, articulates with the intermedium, the posterior 
with the ulnare. 

The proximal row of carpals (text-fig. 63, B) consists in most cases of three elements 
only, but sometimes there is a fourth, which is a small bone articulating with the 
postero-external angle of the ulna and the postaxial portion of the proximal face of 
the ulnare. This element may be a pisiform (p., text-fig. 63, B), and is probably 
homologous with the third element which in some cases articulates with the humerus, 
é.g., in Tricleidus and Dolichorhynchops and Polycotylus. Williston regards this ossicle 
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and others similarly situated, as new ossifications in. the postaxial cartilage, and in 
many cases he is probably right; he proposes the name “first epipodial supernumerary ” 
for the bone here regarded as pisiform. All the three usual bones of the proximal 
row of carpals are flat polygonal elements, which, when fully ossified, fit closely 
together as well as against the radius and ulna and the distal carpals, making with 
them a close pavement. he radiale (rad.) unites with the radius, intermedium (7nt.), 
and the first and second distal carpals. The ¢ntermediwm (int.) has a small surface for 
union with the radius and a long one for the ulna; it also joins the radiale, ulnare, 
and the second and third distal carpals. The wlnare (uln.) unites proximally with the 
ulna and pisiform (if present); it also articulates with the intermedium, the third 
distal carpal, and the fifth metacarpal. ‘The distal carpals appear to be only three in 


Text-fig. 64. 





Pelvis of Nothosaurus sp., from left side, showing the union of the ilium, ischium, and pubis 
in a triradiate suture to form the acetabulum. (38675, 3 nat. size.) 


acet., acetabuluin ; 2., ilium ; is., ischium ; p.f., pubic foramen ; pu., pubis. 


number, the fifth metacarpal, as already noted, articulating directly with the ulnare. 
They are polygonal bones, somewhat smaller than the proximal row; the first carries 
the first digit only, the second the second and third digits, although in some cases there 
may be a slight contact also with the first. The third distal carpal carries the fourth digit, 
and on its outer (postaxial) side it has a surface for contact with the preaxial face of 
the metacarpal of the fifth digit. 

The metacarpals in some cases are flattened like the carpals, but, as a rule, are 
somewhat cylindrical and larger at the ends than in the middle. In addition to their 
surfaces for union with the carpals they often have at their proximal ends small 
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lateral facets for contact with one another. The phalanges are very numerous: they 
are cylindrical and much constricted in the middle; they become smaller and smaller 
towards the finger-tips, where they may be represented by mere nodules of bone. In 
the most nearly perfect fore paddle preserved (R. 2864, text-fig. 63, B) the numbers of 
phalanges in the digits I—V. are 6, 12, 14, 18, 8. In no specimen has the presence 
of more than the normal five digits been observed. 

Pelvis (Pl. 1V. figs. 8,9; Pl. V. figs. 8,9; text-fig. 65)—The pelvis is composed 
of the usual three pairs of bones, and like that of the other Plesiosaurs is chiefly 
remarkable from the fact, that the three elements of each side do not meet in the 
acetabulum in a triradiate suture, the ilium having been rotated backwards and its 
lower end having lost its connection with the pubis. In the early Sauropterygia 
(text-fig. 64) the pelvis is in this respect of normal type and the peculiarity of this part 
of the skeleton in the later forms, as in the case of the shoulder-girdle, seems to be 
the result of the different mechanical conditions brought about by the adoption of an 
entirely aquatic life. ‘The dium (Pl. 1V. figs. 8, 8a; Pl. V. figs. 8, 8a, 80; i., text- 
fig. 65) is a curved rod of bone expanded towards its extremities. The upper end 
is compressed from within outwards and slightly everted; the upper end (c7.z.) is 
obliquely truncated by a surface which was tipped with cartilage in life. The inner, 
slightly convex face of this expanded upper end is sometimes roughened, as if for 
union with the distal end of the sacral ribs (sf, Pl. IV. fig. 8a; Pl. V. fig. 8), but in 
other cases is nearly smooth and shows no trace of such union: probably the age of 
the animal may have something to do with these differences. ‘The shaft also is a little 
compressed from within out and is oval in section; it is somewhat curved, the con- 
cavity being anterior. On the convex posterior border there is a strong ridge forming 
a projecting angle at about the middle of the bone. ‘The thickened lower end bears 
two facets—one large and slightly concave, looking forwards, downwards, and outwards 
for union with the ischium (¢s.f.) ; the other (ace¢.) small and continuous with the last, 
but making an angle with it and looking mainly forwards ; this facet forms the posterior 
lip of the acetabular surface, and it is continued a little upwards on to the prominent 
antero-external angle of the distal expansion (PI. V. figs. 8a, 8, c¢.). Both surfaces 
were covered with cartilage in life. 

The pubis (text-fig. 65, p.) isa large plate of bone, the form of which will be best 
understood from the figure. It is a little wider than long, and the greater part of it is 
very thin, but towards the outer and anterior borders and in the region of the symphysis 
it is thickened. The inner border by which the bone unites with its fellow of the 
opposite side in a median symphysis is straight or convex. ‘The symphysial surface is 
deepest at about the middle of its length, where the bone is considerably thickened. 
The anterior border is at first straight or slightly undulated, then it curves outwards 
and backwards to the somewhat prominent antero-external angle where it joins the outer 
border; throughout its length this anterior edge is grooved and must have borne a 
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fringe of cartilage. The outer border is concave and terminates posteriorly in the 


anterior angle of the acetabular surface; its edge is sharp and was not fringed with 


cartilage. 


The posterior border is strongly concave and its edge is rather sharp; it 


Text-fig. 65. 
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Pelvis of Murcenosaurus durobrivensis; A, from above; B, from right side. 
(Type specimen, R. 2428, } nat. size.) 
acet., acetabulum ; i, ilium ; isc., ischium ; 0b¢.f., obturator foramen; p., pubis ; 
sym., symmphysial border. 
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forms the anterior border of the obturator foramen (odt.f.). Between the posterior and 
lateral borders is the thickened and massive postero-external portion of the bone, which 
bears the acetabular and ischial surfaces. The former of these is much the larger: its 
form is that of half an elongated oval, the short diameter of which is the line of union 
with the ischial surface ; it is gently concave in a longitudinal direction and forms the 
greater part of the surface for the articulation of the femur; there is no union with the 
ilium. The ischial surface is roughly triangular in outline, the angles being rounded ; 
it makes an angle of about 145 degrees with the acetabular surface. Both of these 
surfaces are roughened and were cartilage-covered, but on the acetabular surface the 
roughness is slight. 

The éschium (Pls. IV. & V. fig. 9; isc., text-fig. 65) is shaped somewhat like the 
head of a hatchet, consisting of a massive articular portion united by a comparatively 
narrow neck with the broad ventral blade. The head bears three articular surfaces. 
The anterior one (pu.f.) looks directly forwards; it is roughly triangular and unites 


with the corresponding surface of the pubis. Behind this and making an angle of 


about 90° with it, is the acetabular surface (acet.), roughly quadrate in outline and 
looking directly outwards. Behind this again, and making a very obtuse angle with it, 
is the triangular surface for the ilium (7,f.), looking upwards and backwards. ‘The 
acetabular surface is comparatively smooth, but the others are raised into strong ridges 
with deep pits between them. Beneath the massive head the bone is much narrowed, 
and at the same time is compressed from above downwards, passing into the broad 
ventral expansion. ‘The anterior and posterior borders of the bone are both concave, the 
anterior more strongly so; the anterior is rounded, while the posterior is sharp in the 
region of the neck of the bone, but towards the posterior angle it becomes roughened 
for the attachment of muscles. ‘The median border in its anterior (symphysial) part is 
nearly straight, and, owing to the thickening of the bone, the symphysial surface (sym.) 
is deep, narrowing both forwards and backwards. Behind the symphysis the inner 
border of the ischium curves sharply outwards, meeting the posterior border at an 
angle of about 90°; this portion of the inner border has a grooved edge, and was 
fringed with cartilage during life. The ventral surface of the blade of the bone 
is nearly flat, except where the symphysial thickening occurs; the upper surface is 
gently concave. The symphysis of the ischia is not continuous with that of the pubis, 
so that so far as the bones are concerned the obturator foramina of opposite sides are 
in free communication with one another, but probably in life they were separated by a 
median band of cartilage. 

Hind Limb (Pl. IV. fig. 10; Pl. V. fig. 12; text-fig. 63, A)—The femur is in 
most respects very similar in structure to the humerus, the most notable difference 
being the smaller extent to which the distal end is expanded. ‘The head (h.) seems 
never to become completely ossified, but even in old individuals is only moderately 
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convex and clearly had a thick cap of cartilage in life. The trochanter (¢r.) arises 
from the dorsal surface just beneath the head, with which its upper end is continuous, 
the two making an angle of about 110° with one another. In outline the upper end of 
the trochanter is roughly quadrangular, but in some cases it is divided into a larger 
anterior and a smaller posterior portion by a deep groove running down its postero- 
superior face. The shaft is nearly circular in section, and the ventral surface of its 
upper half is much roughened for muscle-attachment (7.m.), and there is also a strong 
roughened ridge about the middle of the posterior border of the shaft. As already 
mentioned, the distal expansion is less than in the humerus, and the cartilage-covered 
terminal surface is not carried on to the postaxial and preaxial borders by the 
expansion, as in that bone. ‘The surface of the bone has the same fibrous appearance 
noted in the case of the humerus. 

Two bones only (the t¢d¢a and fibula) articulate with the distal end of the femur. 
Both are flattened polygonal bones, which articulate with one another by short 
proximal and distal surfaces, being separated in the middle by a foramen. ‘Their 
surfaces for union with the femur are gently convex, so also to a greater degree are 
their outer borders. Distally the tibia (¢.) bears a long facet for union with the tibiale 
(#b.) and a short one for the intermedium (int.), while the fibula (f.) joins the inter- 
medium and fidulare ( fib.) by facets of about equal length. The proximal tarsals are 
polygonal flattened bodies; the tibiale (¢7d.) unites distally with the first and second 
distal tarsals, the intermedium (7nt.) with the second and third, the fibulare (/id.) 
with the third and with the fifth metatarsal. The postaxial border of the fibulare is 
thin and concave. There are five metatarsals, the first borne exclusively by the first 
distal tarsal, the second by the first and second, the third by the second and third, 
the fourth by the third only, while the fifth, as already noted, articulates directly 
with the fibulare, just as the fifth metacarpal does with the ulnare. ‘The metatarsals, 
especially the first, are somewhat flattened from above downwards, but the phalanges 
are cylindrical, with constrictions in the middle; the terminals may be mere 
nodules of bone. In the best paddle preserved (text-fig. 63, A) the numbers of the 
phalanges in the digits from the first to the fifth are 6, 13, 15, 13, 9, respectively. 

Text-figure 66 is a semi-diagrammatic restoration of the skeleton of Murwnosaurus, 
in which an attempt is made to represent the skeletal characters described above, and 
at the same time to give a general idea of the form of the animal as a whole. The 
chief points of interest are the relatively small size of the head, the great length of 
the neck, and the slight degree to which the distal end of the humerus is expanded 
compared with that of Cryptocleidus: the peculiar characters of the shoulder-girdle and 
pelvis cannot be shown in a profile view. ‘The reconstruction is founded mainly on 
the skeleton of the type specimen of Murenosaurus platyclis (R. 2678). 
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Murenosaurus leedsi, Seeley. 
[Plates III. & IV.; Plate VI. fig. 6; text-figs. 44, 59, 62, 63.] 


1874. Murenosaurus leedsi, Seeley, Quart. Journ. Geol. Soc. vol. xxx. p. 197, pl. KX 

1881. Plesiosaurus leedsi, Whidborne, Quart. Journ. Geol. Soc. vol. xxxvii. table facing p. 480. 
1888. Plesiosaurus plicatus, Lydekker, Geol. Mag. [3] vol. v. p. 351. 

1889. Cimoliosaurus plicatus, Lydekker, Catal. Foss. Rept. Brit. Mus. pt. i. p. 234 (pars). 
1895. Murewnosaurus plicatus, Andrews, Ann. Mag. Nat. Hist. [6] vol. xvi. p. 429 (pars). 


Type Specimen.—An imperfect skeleton, including portions of the skull and mandible, 
most of the vertebral column, ribs, portions of the pectoral and pelvic girdles, and the 
fore and hind paddles (R. 2421, Leeds Coll. 25), described and figured by Seeley, 
loc. cit. supra (see also Pls. IIT. & IV.; text-figs. 44, 59, 62, 63). 

In 1889 Mr. Lydekker referred to this form as Cimoliosaurus plicatus, but subsequent 
descriptions * of the material from which Cimoliosaurus was defined by Leidy ¢ show 
that this generic name cannot be employed in the wide sense in which Lydekker 
used it. The trivial name plicatus was used by Phillips } for a Plesiosaur which is 
undoubtedly a species of Murenosaurus, and was regarded as identical with J. leedst 
by Lydekker || and the present writer J ; but since it is now found that several species 
of the genus occur in the Oxford Clay, and it is not certain to which of these the 
vertebree described by Phillips belong, it seems best to reject his name altogether and 
adopt Seeley’s name, his being the first description founded on adequate material. 

This species does not appear to have reached the large size and massive proportions 
attained by Murenosaurus durobrivensis; at least the fusion of the cervical and caudal 
ribs and of the neural arches is complete in comparatively small individuals. It is, of 
course, impossible to say that these had reached their limit of growth, but it is certain 
that in the other species a much larger size was attained before these signs of 
complete ossification appeared. ‘The same is true of the ossification of the scapule. 

Unfortunately the pectoral and pelvic girdles are very imperfect in the type 
specimen, so that the important characters of these parts cannot be observed, but must 
be inferred from other specimens. ‘The characters by which this species is distinguished 
from the other species here recognized, viz. MZ. durobrivensis and M. platyclis, are :— 
(1) The relatively small size of individuals in which ossification seems to be 


* Williston, ** North American Plesiosaurs: Hlasmosaurus, Cimoliasaurus, and Polycotylus,” Amer, Journ. 
Sci. [4] vol. xxi. (1906) p. 221. 

tT Leidy, Proce. Acad. Nat. Sci. Philad. 1851, p. 825 (1852), 

+ Lydekker, Catal. Foss. Rept. Brit. Mus. pt. ii. (1889) p. 180. 

§ Phillips, Geology of Oxford, ete. (1871) p. 313. 

|| Liydekker, loc. cit. swpra. 


‘/ Andrews, “The Pectoral and Pelvic Girdles of Murenosaurus plicatus,” Ann. Mag. Nat. Hist. [6] 
vol. xvi. (1895) p. 429. 
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approaching completion. (2) The greater length of the centra of the cervical vertebre 
compared to their width, particularly in the hinder part of the neck; in this region 
also in this species the centra are longer in proportion to their height, and the articular 
ends are more oval than in IZ. durobrivensis. (3) The presence of a strong longitudinal 
crest on the side of the cervical centra just above the rib-joint distinguishes this 
species from M. durobrivensis but not from M. platyclis. (4) The interclavicle, in some 

cases at least, is produced back in the middle line into a median process (PI. VI. 

fig. 6; text-fig. 62) instead of bearing a median posterior notch, as in M. durobrivensis 

(Pl. V. fig. 10) and MM. platyclis (Pl. VI. fig. 3). (5) The limbs appear to be more 

lightly constructed than in the other species (text-fig. 63). 

All the following specimens from the Leeds Collection were obtained from the 

Oxford Clay in the neighbourhood of Peterborough. 

R. 2421 (Leeds Coll. 25). Imperfect skull and skeleton. The parts present are :—Basioccipital, 
exoccipitals, basisphenoid, parts of maxilla, premaxillee, portions of parietals and frontals, 
portions of the mandible ; forty-four cervical vertebra, two pectorals, nineteen dorsals, 
and twelve sacrals and caudals; many of the vertebrxe have the fused neural arches 
preserved, and in some of the corvicals and caudals the ribs are preserved ; dorsal ribs; 
portions of coracoids and scapule ; fore paddles (phalangeal portion incomplete) ; 
ilium; ischia ; hind paddle (phalangeal portion incomplete). Type specimen described 
and figured by Seeley, loc. cit. supra (also figured in Plates III. & IV.). 

The dimensions (in centimetres) of this specimen are :— 
Skull (Pl. IIL. figs. 1, 2): 


Basioccipital: transverse diameter of occipital condyle 
vertical diameter of occipital condyle . . . 22 


2-2 


greatest length in middle ine. . . . . . 3&9 

» width at lateral processes . . . . Sl 

Width across snout at maxillo-premaxillary suture. . . . 63 
Mandible (PI. III. fig. 3): 

Length from anterior end of symphysis toangle . . . . 340 

MMOL Sy INU Sion ca we et ade a eh a ot ee” OL 

yee OE DOst-ayuicwiar TepION. | .b.< ves 6 « ces pe) 41 


h Lwenty- Thirty-  Fortieth 


Vertebre : Cervicals | ee Atlas and Thi rd Fifth Eleventh Fif teenth “pourth Saeeutdl ae teal 
(Pl. IV. figs. 1-4) axis, cervical. cervical. cervical. cervical. EER cor vicalle (rushed), 
Length of centrum in mid- 
Ventraleliie reece me tere 5:3 ri 3°6 4-2 4:7 5'd 5:6 53 
Posterior width of centrum . 3°3 35 37 4:3 4-9 54 (app.) 5°9 6°8 
a height of centrum . orl 3:0 yell 3°5 38 47 5:4 5:5 
Height to top of neural spine oe ve 78 rie or 14-4 169  19°8(app.) 
; Dorsal Dorsal Dorsal Sacral Caudal 
Pectoral, Doras ea,} “~~ pean. (ngs (I aa Geren 


Length of centrum in mid- 


Ventral: tin iss saeene mn es Ad 5:6 5:2 48 3°9 3°8 
Posterior width of centrum . 6:6 6-O(app.) 6-0 6:0 6°0 5-4. 
As heightof centrum . SZ Spey 4:7 46 4:2 4-0 


R 


I 
bS 
bo 
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Coracoid: width of each coracoid at lower angle of glenoid 


cavity); (5. Fees 


length from anterior angle of Beanilse rie to 


postero-external angle . . 
Humerus (Pl. LY. fig. 7): length 


width of head Gutcepestenoem eh ts 
“3 » With tuberosity . . 9°8 
3 shaft at narrowest . . . 7:0 


+f distal end 
Radius (Pl. IV. fig. 7): greatest length . . . 
» Width 
Ulna (Pl. IV. fig. 7): greatest length . 
i OIE aes ee 
Ischium (Pl. LV. fig. 9): length. 


Tlium (Pl. IV. fig. 8): length 
width of upper end 
» lower end 
Femur (Pl. IV. fig. 10): length . 
diameter of head 


width of upper end (with rochanteny 79 
. shaft at narrowest . 


A distal end. 
Tibia (Pl. IV. fig. 10): greatest length 


» width 
Fibula (Pl. LV. fig. 10): greatest length . 
» width 


R. 2422 (Leeds Coll. 21). Greater part of a skull and skeleton of an old individual. 
preserved are a much broken skull (basioccipital, basisphenoid, 


width from acetabulum to symphysis. 17°8 


ry ey | 


6°9 
56 
ir) eo ee ee 
6:3 


The parts 


exoccipital, and 


opisthotic figured, text-fig. 44), a nearly complete mandible, atlas, axis, and forty-two 


other cervicals (in these the sutures between the centra and the neural arches and ribs 
are obliterated, but in most cases the ribs have been broken off), nineteen dorsals (much 


distorted), and twenty-four caudals (in these the arches, ribs, and, in many cases, 


chevrons are fused with the centra) ; numerous ribs, imperfect shoulder-girdle (in this 


ossification is complete, the coraco-scapular symphysis being continuous ; the clavicular 


arch is not preserved) ; fore paddles ; ilia ; ischium ; part of pubis; hind paddles. 


The dimensions (in centimetres) of this specimen are :— 


Skull (text-fig. 44): 


Length from posterior border of pineal foramen to tip of 


snout . . 
Length of basioccipital . : 
Width of basioccipital at lateral processes. 
Vertical diameter of occipital condyle . 
Width of articulation of quadrate 

Mandible : 

Length . Pe 

» of symphysis 


(approx.) 5-4 


18°7 

(approx.) 4:0 
ee 55 
2°8 

3°0 


34:2 
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Atlasand Third Fifth Tenth Fifteenth Twentieth Twenty- Posterior Posterior 


Vertebree: Cervicals... fourth 


axis, cervical, cervical. cervical, cervical. cervical. cervical cervical. cervical. 

Length of centrum in 

mid-ventral line . 6-1 31 4-0 4:6 55 6:0 6-1 5:7 a7 
Posterior width of 

centrum... 3°6 4:0 4:0 4:8 2 5°8 57 ate 8:3 
Posterior height of ; 

(ings BO Rye, eee 29 oe 3°7 2 5:0 52 6:0 61 
Height to top of 

neural spine. . . 5:8(app.) 6:9 81 9°7 12°:2(app.) ? ? ra 17:8 


The total length of the neck was about 241 cm. (about 8 ft.). The dorsal vertebree 
are too much crushed for measurement, but the dimensions of an anterior and middle 
caudal centrum are :—Length on mid-ventral line 3:4, 3'5 ; posterior width of centrum 
7:4, 6°6; posterior height of centrum 4°7, 4°3. 


Shoulder-girdle : width at hinder end of glenoid cavity 
(exaggerated by crushing). . . . . . 48:0 
long diameter of coraco-scapular foramen . 13°7 
Humerus: greatest length . .. . pan Pa Be hair 
width of shaft (widened by eee Te bik ee Oo 
» distal end (ditto) ae 
elvincec Sti: JOHRLY ra <<) «us os cs eo es), «= (LOO 
Wit OL Up pet Old slat 4 gk sa aie, es oe OS 
»  lowerend . . Y ico SYA! 
Ischium: width of upper end (cr urea ome) «Oe 
PE TICCK Ae Ue eta ee eee eee ey fo 
i Were, MST ict See Slee i Ube ales AP Rp eee: 
WiGtir OMSDSI bal 2) a eas “weesay se ae eee oar Oo 
PA distal expansion. . . « «. % . 158 


R. 2423 (Leeds Coll. 22). Incomplete skull and skeleton, the bones being much crushed and 
distorted. The following parts are preserved :—Basioccipital, basisphenoid, supra- 
occipital, part of squamosal, the articular portions of the mandible, atlas, axis, and 
about forty other cervical vertebrae wanting ribs and arches, nineteen dorsals and 
nineteen caudals, crushed neural arches, fragments of scapule and ischium, humeri, 
femora, epipodials, and other bones of paddles. 


Length of the basioccipital . . . . Sey ES ee ee 
Width of occipital condyle from side to bie By ary i eS 
Pr basioccipital at Jateral processes . . . . ... 45 
Length of united basioccipital and basisphenoid . . . . . 69 
a AXISANC ALAS ees oe Cone Msc Cr ck al sao be Oro 


The other vertebree are too much distorted to give measurements of any value. The 
centra of the posterior cervicals appear to have been rather shorter than in the type 
specimen, 
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* RB. 2424 (Leeds Coll. 23). Imperfect skeleton, the skull and mandible being entirely absent. The 


vertebral column is represented by thirty-four cervicals, two pectorals, twenty-three 
dorsals (including two sacrals), and eighteen caudals. In some cases the centra are 
much crushed and in all are separated from the neural arches, cervical and caudal ribs, 
etc. Five complete neural arches (four dorsal and one caudal), with portions of several 
others, are preserved. Several cervical ribs and several more or less nearly complete 
dorsal ribs are present. The right humerus with the radius and ulna, two ischia, part 
of a pubis, both femora, with some other bones of the hind paddle are preserved. 

In this specimen ossification is not so far advanced as in the type, although it is 
already larger, so that probably this individual might have attained a considerably 
greater size than the type. In the form of the limb-bones, so far as known, the two 
are closely similar, but in the cervical vertebra, especially in the posterior members of 
the series, there are some differences, the most striking being that the width of the 
centrum is somewhat greater in proportion to the height. It must be noted, however, 
that in the type specimen many of the vertebrae have been distorted by pressure, and 
this may account for the dissimilarity. 

Associated with this skeleton and in exacily similar condition of preservation is a 
clavicle (figured by Seeley in Proc. Roy. Soc. vol. li. (1892) p. 141, fig. 8) of an 
irregular triradiate form, its irregularity of outline probably indicating that the 
clavicles were undergoing reduction. With the exception of a portion of the opposite 
clavicle, this bone is the only element of the shoulder-girdle preserved in this specimen, 
and no such bone has been found with any other Murenosaurus-skeleton, so far as lam 
aware, so it is just possible that it may actually belong to a species of Cryptocleidus. If, on 
the other hand, this is not so, and the bone is actually that of VW. leedsi, it indicates 
that in some cases the clavicles undergo much less reduction than usual, and that this 
species must, in the structure of its clavicular arch, have been much like M. platyelis. 

The approximate dimensions (in centimetres) of this specimen are :— 


Fifth Tenth Sixteenth Twenty- Thirty- Forty- 


Vertebre: Cervicals*......... 5 ; é sixth fifth second 
cervical, cervical. cervical. 3 : : 
cervical. cervical. cervical. 
Length of centrum in mid- 
ventral line seans oem 3-4 4-2 5-1 5:2, 5:3 52 
Width at posteriorend . . 34 4:3 4°7 56 6:3 6°7 
Height at posteriorend . . 2°6 34 41 4°8 4:8 4°8 
Caudales:..ces.ctexectenctreteceete ts Anterior. Posterior. 
Length of centrum on mid-ventral line . . . . 3°6 3-4 
‘Width at postertor‘end 0%... jon. eee eee 54 5:1 
Height'at posterior end. < % . % « s, . sms 4-0 4:0 


Humerus: length” 5 300 9a eee ee > fees 
width ‘of head. 2 =. 2) 2s) SSe ee, sourkvere 0, nt aemnGne 
greatest width of proximalend . . ..... 90 
least antero-posterior diameter of shaft . . . . 73 
width of distal'end 777 seta os). ante LA 





* The numbers of the cervicals in the series are only approximate. The dorsals are all too much 


crushed for measurement. 
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Henin lest aca we aw oes Ce ee a. vs Se Ae de 
width of head. . .. . et hor LR GNA 

greatest width at proximal ei (with Settinat ba - 9 

least antero-posterior diameter of shaft . . . . . 4°6 

Wisi OF CISte Othe earn let et os ee LD 

Oak PT CATCH DIL Mane Matai sd ein thse tw ee 
Seen CUCL ME shy sh Mase oh «Py cma alles a: ge ee 


length of acetabular surface . . . . . « 2 « s) 67S 
x surface forischium . .. . BS 6 a 


Ischium : greatest length from acetabulum to age sth 
(approx.) 18:0 
length of acetabular surface. . . . . (approx.) 4:5 


fp WAC WUTIaCGle .) <2 o) sages = (Spprox.) 2:5 
. pubievguriacoso.) 8a 4 (approx.). —5°5 
width at narrowest point. . .°. ..... . 5 


R, 2864 (Leeds Coll. 34). Imperfect skull and skeleton of an individual smaller than the type 


specimen. The portions preserved are :—Basioccipital, basisphenoid with part of 
parasphenoid, portions of exoccipitals, of frontals, and of premaxillee, vomer and part 
of the pterygoid, quadrate; greater part of mandible ; several detached teeth ; forty- 
five cervical and pectoral vertebra, twenty dorsal (and ? sacral) vertebree and twenty 
caudals with some caudal ribs and chevrons; portions of the limb-girdles, the fure and 
hind paddles. 

The fore and hind paddles (text-fig. 63) are the most nearly complete yet found, 
practically all the bones on one side having been collected and retained in their natural 
relative positions. The caudal vertebre (text-fig. 59) are in excellent preservation, 
many of them still retaining their union with the neural arches and caudal ribs and in 
one case with the chevrons ; of these last several are preserved separated from the centra 
(text-fig. 59, F, G, H). 


The dimensions (in centimetres) of this specimen are :-— 


Skull : 
Basioccipital : transverse diameter of the occipital condyle . 22 
greatest length on middle line . . . . . 3:2 


» width atlateral processes . . . . 41 
Mandible : 


Length from anterior end of symphysis to angle (approx.) 25:0 
OL BVUIDENAISME <P Oh hela ae nc th ace.) el OMe 
», Of postarticular region . . . . . . (approx.) 3:6 


Vortchenra Clecointa® Atlas and Fifth Tenth Fifteenth 


axis. cervical, cervical. cervical, 
Length of centrum. . . ; 45 22 35 3°9 
Width of hinder end of centrum. 2°5 31 40 4-4 
Height of hinder end of centrum . 271 2:5 31 a4 





* The numbers of the vertebra in the series are approximate. Behind the fifteenth the cervical 
vertebre are too much distorted for measurements to be of any value; the same is the case with the 


dorsals. 


126 MARINE REPTILES OF THE OXFORD CLAY. 


Caudals. 
Length of centrum in mid-ventral line. 3'1 3'1 2°7 2°3 21 2-0 
Width of hinder end of centrum .. . 4:7 4°] 3°7 3-2 3:2 2°7 
Height of hinder end of centrum . . . 4:1 3°9 31 25 2°4 2:0 
»  totopofneural spine . . : v4 78 6-1 4°38 4:3 
Width between outer ends of caudal be 146 13:8 oe 82 7:0 
Fore paddle (text-fig. 63, B): totallength . . .. . . . 72:0 
Humerus: length . .. . a One 
greatest width at upper aa ce ith babarbaity) soe ee L 
least antero-posterior width of shaft . . . . . 63 
greatest width at lowerend . ....... I141 
Radiud: greatest length,” gh sess oer ee eT 
eee aC Woeae ys hey ee AS 5 4 oa PL 
Dina : greatest length ss) +s oe a ge ee es 
9 Width «. Pa. eke en oe ee en ce 


The lengths of the successive phalanges of the longest (fourth) digit are :—4:1, 40, 
3°38, 3°5,.3°3, 31,126) 23 0S aos eee. 
Hind paddle (text-fig. 63, A): totallength . . . . . . . 705 
Femur: length . .. . ee Geli then GB) Al! -2BHs! 
greatest width at upper eve Sail 5. te ee 
least antero-posterior width of shaft . . . . . . 650 


greatest width at lowerend . . ...... . 12:2 

Tibia: greatest length’. |. 97). Gs ae ee ee ee 
») -owidth Jf) q Sore Gl) ea en ee 

Fibula: greatest length =. ..0% 2) 4 ye beers en a 
. width. <,-'2).6. 6.) f:m syle Scale ieee Ie 


The lengths of the successive phalanges in the longest (fourth) digit are :—4°1, 3°9, 
A°0,°3°G, 3:4, 2-8) 270, 23.0770, 91,0) 48k Lae, 


R. 3704. Shoulder-girdle of an old individual, probably of this species. In this specimen 
(text-fig. 62) the ossification of the bones seems to have proceeded further than in any 
other; this is especially notable in the posterior region of the coracoids, which are 
produced backwards with well-marked postero-lateral processes and less developed 
median processes not seen in younger examples. The scapule and coracoids meet in 
the mid-ventral line, and the interclavicle (Pl. VI. figs. 6, 6 a) is preserved in an almost 
perfect state. The middle of its anterior border is marked by a shallow concave 
notch (a.n.), the edge of which is smooth ; on either side of this the convex anterior and 
lateral edges of the bone are thin and with numerous small indentations. Posteriorly 
there seems to have been a short pointed process (p.p), the continuation backwards of 
a median ridge, seen on the ventral face of the bone ; this ridge begins anteriorly as a 
broad very slightly convex surface, and narrows backwards to this posterior point. 
The ventral surface seems to have been gently convex from side to side, the dorsal 
surface concave in the same direction. Crossing the dorsal face of the bone from side 
to side, at about two-thirds of its length from the anterior end, is a broad convexity, 
behind which the bone is slightly concave from before backwards. 
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The dimensions (in centimetres) of this shoulder-girdle are :— 


Total length of the whole on middle line. . . . . . . . 75:0 
Scapula: greatest length . . . 1 2 + © «© 1 + © 5 33°6 
length from anterior angle to posterior end of renal 


TAINUS: «6s ° ea er at oer oar are aes 224° 
length on a erated nae fron posterior angle of 
ventral ramus to tip of dorsalramus . . . 26°6 
approx. width of glenoid surface from before eae. 
WIGS See en os yee ha ot PP a a 
approx. width of glenoid surface From above down- 
Wits te ett ew sitet = ede se tiwen 6.3) -4°6 
Coracoids: greatest length . ... . 48°9 
width of united bones at peace rele of een 
COVICV ee meee te ewe kk et eee et AS 


width of united bones at narrowest. . . . . . 282 
between the posteriorexternal 


9 9 


MUCIOS ee pated oe een wel ns gee CAD PrOxe)oe) “4:9 
antero-posterior diameter of coraco-scapularforamen, 13°2 
transverse diameter of ditto. . . . . (approx.) 9+ 

Interclavicle (Pl. VI. fig. 6): length . . . . . (approx.) 11°9 
Witt Hus een a ae ene (AD DIOX,)} © L4°2 


R, 2443a. Left femur probably of this species, figured in Phillips, ‘Geology of Oxford, ete.,’ 
p- 317, text-fig, cxxi., as belonging to Plosaurus grandis. 


Murznosaurus durobrivensis, Lydekker, sp. 
[Plate V.; text-figs. 43, 45, 49-57, 60, 65, 67.] 


1889. Cimoliosaurus durobrivensis, Lydekker, Catal. Foss. Rept. Brit. Mus. pt. ii. p. viii. 
1895. Murenosaurus plicatus, Andrews, Ann. Mag. Nat. Hist. [6] vol. xvi. p. 429 (pars). 


Type Specimen.—An imperfect skeleton, including thirty cervical vertebre, fifteen 
dorsals, and some caudals, wanting ribs and arches; shoulder-girdle wanting the 
clavicular arch ; imperfect fore paddle; pelvis including both ilia and ischia and the 
pubis; imperfect hind paddles (R. 2428, Leeds Coll. 28). The pectoral and pelvic 
girdles have been described and figured in Ann, Mag. Nat. Hist. [6] vol. xvi. (1895) 
p. 429 (see also Pl, V.; text-figs..43, 45, 49-57, 60, 65, 67). 

This species was established by Mr. Lydekker for the reception of an Oxford Clay 
Plesiosaur which, while closely resembling his Cimoliosaurus plicatus, differs in wanting 
the median bony bar uniting the coracoids and scapule, and in possessing cervical 
vertebre with relatively shorter centra, especially in the posterior portion of the neck. 
The absence of the median bony bar in the shoulder-girdle is probably merely an 
age-character, but the shortness of the cervical vertebrae is a well-defined peculiarity 
and is accompanied by others which distinguish this species from the other members of 
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the genus. One of these peculiarities is, that ossification does not become complete 
(as indicated by the fusion of the cervical and caudal ribs and of the neural arches, 


Text-fig. 67. 















































Shoulder-girdle of Muranosaurus durobrivensis : A, from above; B, from right side. 
(Type specimen, R. 2428, 1 nat. size.) 
cor., coracoid ; d.p., dorsal ramus of scapula; gl.c., glenoid cavity ; scap., scapula ; 
v.p., Ventral ramus of scapula. 
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and the condition of the proximal ends of the humerus and femur) until a much greater 
size has been attained than in J. leedsi, and all parts of the skeleton are more massive 
than in that form. Another point is, that the expansion of the distal end of the 
humerus is greater than in MV. leedsi. 

As already noticed, the cervical vertebre are shorter than in J, Jeedsi; and this 
difference is most marked in the posterior part of the neck, where the centra in the 
present species are shorter in comparison with those of the anterior region. The 
plications on the edges of the centra, just outside the articular faces, are particularly 
well marked in this species, certainly much more so than in M. platyclis, where they 
seem to be replaced by irregular rugosities. It was the existence of these plications on 
a cervical vertebra that caused Phillips to name one of the Oxford Clay Plesiosaurs 
Plesiosaurus plicatus: this no doubt is a Murenosaurus, but it is not possible on the 
available evidence to be sure whether it is identical with the present species or with 
M. leedsi or is a distinct form. In the pectoral girdle in this species the median union 
of the scapulee with one another does not take place till a very large size has been 
attained, and the median junction of the coracoids and scapule was still later. ‘The 
interclavicle is a small oval bone, with anterior and posterior rounded notches in the 
middle line; it is thickened in the middle, especially towards the anterior border, but 
laterally it thins out to a sharp edge; no trace of clavicles has been observed. 


R. 2428 (Leeds Coll. 28). Portion of a skeleton, including twenty-nine cervicals (Pl. V. figs. 1-3), 
two pectorals, fourteen dorsals (PI. V. figs. 4, 5), and some caudals (Pl. V. figs. 6, 7); 
coracoids and scapulee (text-fig. 67) ; imperfect fore paddles ; ilia, ischia, and one pubis 
(text-fig. 65) ; incomplete hind paddles. Type specimen referred to by Lydekker in 
Catal. Foss. Rept. Brit. Mus. pt. ii. (1889) p. viii. The pectoral and pelvic girdles have 
been described and figured in Ann. Mag. Nat. Hist. [6] vol. xvi. (1895) as those of 
of M. plicatus, Phillips, sp. 

In this specimen the neural arches are wanting in all but two or three of the 
vertebre, and in the cervical region the ribs are also missing, fusion with the centrum 
not having taken place in either case. The ventral rami of the scapule have not yet 
reached the middle line and are widely separated from the coracoids, so that there is no 
doubt that although this was a large individual it had not nearly attained its full size. 

The dimensions (in centimetres) of some of the bones of this skeleton are as follow :— 


Vertebral centra. } Anterior Middle Posterior First dorsal Caudals Caudals 
(Pl. V. figs. 1-7.) cervicals, cervicals. cervicals, crushed, anterior. _ posterior. 


Length in mid-ventral line . 2:7 4:0 49 5:0 5:3 52 5d SA 67 4:2 2°38 2:5 
Width of posterior articular 


ences 


SUTIACE Is ANs) tal seiaesetse Le 4D 5:7 6:0 Tk 72 74 VRP AT: 6:5 46 3°7 
Height of posterior articular 
BUTTACe, -/il-qy ie ee oOo 46 5:2 Sie 6:2 6-0 6-4 4:9 35 31 
Scapula (text-fig. 67): greatest length . . . . . . . . 274 
length from anterior angle to posterior 
end of ventralramus ... . . 168 
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Scapula (text-fig. 67): length in straight line from posterior 
angle of ventral ramus to summit of 
dorzal ramus « fc. 4 3) ue oe 
width of glenoid surface from above 
downwards. . .. + : . G&S 
width of glenoid surface font oe 
backwards... . ioe ED 
Coracoids (text-fig. 67): greatest antero-posterior eno che toon 
width of united bones at posterior 
angle of glenoid cavity . . . . 335 
width of united bones at narrowest . 26:9 
» between postero-externalangles 36:8 
Greatest length of united coracoids and scapule . . . . . 60:0 
Humerus (P1.V. figs.11,1la,116): length . .. . 315 
greatest width of upper aa 10°6 
width of shaft at narrowest 7'8 
Se distalend . . . 19:4 
Pelvis (Pl. V. figs. 8, 8a, 86,9, 9a; text-fig. 65). 


Llinm “length 2% eos. pea) LAME ras) te ene ee os: 
greatest width of upper sea) ‘ff re Gouee een Bees 
width of shalt) 2.0.4 30 (5. ees ee oe ee 
greatest width of lowerend ...... . . 62 

Pubis: greatest length. . . . . . . .... + ./ 250 


io Width, ©. has BA eee ke ey ee 
length of acetabular surface . . . .... =. 80 


5 symphysial border." 2 <2 2a eeetae 

Ischium: width of upperend ......... =. 90 

- NOCk es ek Wee 2 a ee OS 

3 lower expansion 4... .%..5 se sees 

length of acetabular surface. . . . . .. . 38 

Femur (PI. V. figs. 12,124,126): length . . . oat” Fay pO 


width of upper aa : et MOO 
‘s middle shaft (at 
narrowest) . . 54 


Be lowerend . . . 15:8 

Tibia (Pl. Ve figs..12,12¢)e length 2 =) oe ee eo 
width~ is° <) . Tae# Ge biors) ee 

Fibula (PlV. figs. 12, 12.¢): Jength 9. se ee 
width i. “s. G) as scl ue peepee eee ea 


R. 2863 (Leeds Coll. 29). Imperfect skeleton, including fragments of skull and mandible ; forty- 
two cervical vertebre (text-figs. 49-51), two pectorals (text-fig. 52), twenty-one dorsals 
(text-figs. 52-55), and eight sacrals (text-fig. 56) and caudals (text-fig. 57) ; numerous 
ribs (cervical, dorsal (text-fig. 60), and caudal), ventral ribs (text-fig. 60); coracoids, 
scapulee and interclavicle (PI. V. fig. 10), humerus and some other bones of fore paddle ; 
ilia, ischia, pubes ; femora and some other bones of hind paddle. 
In this specimen the neural arches with the neural spines are preserved united with 
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the centra in the cervical and dorsal regions, although the neuro-central sutures are still 
open ; in the sacral and caudal regions the arches are lost in all cases but one (text- 
fig. 57). In the pectoral girdle the scapulee met in median symphysis, but did not 
yet extend back in the middle line to meet the coracoids, the interval between them 
being, however, only about 4cm. The heads of the humeri and femora are showing 
signs o£ becoming rounded owing to the extension of ossification into the originally 
cartilaginous ends: in the type specimen they are nearly flat. The whole skeleton 
shows very well the massiveness characteristic of this species. 
The dimensions (in centimetres) of this specimen are :— 


Skull too fragmentary to measure. 


Mandible: width of articular surface. . . . . . . . . 26 
length of postarticular region . . . . . . . 38 
Vertebree: Cervicals............ saul Third. Fifth, Eleventh. Twentieth, see ‘ nan 
cervical), 
Length of centrum in mid-ventral line . 5:0 3:1 3°3 4:3 5:2 53 51 
Width of posterior face of centrum . . 3-0 31 3°5 4:2 5:2 6°6 fir 
Height of posterior face of centrum . . 26 2:7 3°0 3:7 4‘8(app.) 5°7 6:0 
Height to top of neuralarch . . . . .. Le Tee 10-0 15:3 18-0 
4 Second Hs Anterior Fe . Middle 
fcrainendenudala }~~~ B&eral dorm, 188), “Gore,” Gores. donal, (Ogured). caudal, otal 
Length of centrum in mid- 
ventral line. . . . 5°6 57 5°6 59 56 5-4 4-7 34 2-9 
Width of posterior ee of 
Cran Mee sg oe oe CS 7°6 6-9 76 6-9 6:5 67 63 5-4 
Height of posterior face of 
centrum. . . » 63 6:2 5°9 6°5 6:0 58 5-1 ai 41 
Height to top of heen eae 20:0 22-0 20°0 8-3 
Width between ends of trans- 
verse processes . 145 18-4 14-6 10-6(app.) . 


Coracoid : greatest length 


width of united bones at oie angle of Penta 


cavity . 


41-0 


40-4 


width at narrowest of the eas fctet bones (approx.) 284 


», between angles of postero-external processes. 34:0 


Scapula: greatest length . : joke é 4 206 
length from anterior angle A nasteriee ord of 

ventral ramus Sap al oY ie hy aw ee 
length from end of nee ceca process to tip of 

dorsal ramus . Ea hk gee 27°5 

width of glenoid surface (abuve docivenly 6-1 

: », (before backwards) 65 

Interclayicle (Pl. V. fig. 10): greatest length we 85 

length on mid-line . . ... 66 

width (so far as preserved) . . 98 


82 


oo 
Lo 


Humerus: length 


greatest width at upper end . 


diameter of head. 
width of shaft at narrowest 
ws dorsal end . 
lium: length ut 
greatest width at upp 
width of shaft . : 
greatest width of lower end 


er end 


Pubis: greatest length 


ie width 

length of acetabular surface 
- symphysial border 

Ischium: width of upper end 

shatt 


lower expansion 


9 


9 


length of acetabular surface 


R. 2861 (Leeds Coll. 18). 


Imperfect skeleton of a large 


plications round the edges of the cervical centra are less marked than usual. 
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31:0 
Wiles 
8-4 
83 
19°1 
20:°0 
6-4 
35 
6°7 
26°5 
30°5 
73 
20:0 
9°3 
6:1 
21:2 
55 


(approx.) 


(approx.) 


(approx. ) 


individual probably of this species, though the 
The parts 


preserved are an imperfect and much broken skull] (basioccipital, exoccipital, opisthotie, 


and supraoccipital, figured in text-figs. 43, 


45); a nearly complete mandible; atlas, axis, 


and twenty-seven other cervicals, mostly with the fused arches and ribs broken away; 


nine dorsal and two caudal vertebree ; about twenty dorsal and cervical ribs, some 


portions of ventral ribs ; portions of the 
stituent bones united; left femur, both 
metapodial bones and phalanges. 


acetabular region of the pelvis with the con- 
tibiee and fibulee, tarsals, and sixty-three 


Some dimensions (in centimetres) of this specimen are :— 


Skull (text-figs. 43, 45) : 


Length in mid-dorsal line from posterior end of the parietals 


to the tip of the snout . AS 26°4 

Length from pineal foramen to tip of snout . 20°9 

Transverse diameter of occipital condyle . 2°9 

Vertical diameter of occipital condyle . 2°9 

Length of basioccipital . 4:3 

Greatest width at lateral processes . 5°6 

Mandible: length vale : 37'9 

» Of symphysis . (approx.) 50 

width of articular surface for quadrate 31 
Wactsben ea ee Atlas and Fifth Tenth Twentieth Twenty-fifth Twenty-ninth Mid- Mid- Anterior Middle 
axis. cervical. cervical. cervical, cervical. cervical. dorsal, dorsal. caudal. caudal. 

Length of centrum in 

mid-ventral line 6:0 48 50 ~=660 6:3 63 63 6-2 4°9 3°2 
Width of posteriorface. 4°Oapp.48 49 65 fal 75 81 79 06—6-8&3OBD 
Height of posterior face. 3°1 4-1 42 653 5:8 6:3 7:2 6:9 54 49 
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Femur: length . . . . Rey ds BT OE GE ee a Oot 
diameter of head Gores) SR ehh Wl vere te. eo) AiO 

least antero-posterior diameter of shaft . . . . . 67 
Widtiotcsssalende «5 ee a Mix eel snes os Ca LOE 

‘EIDIAR GE WICUL Chere Me By oe Ra eat ee Sg) a) oak O'S 
Por (uleeiea tn Seo ee we Eanes tees eS eh wee OPO 
Bibplasewidthe a <oel elk. ele As le os 8:4 
lengthy 4 eRe ean Pe nnee ) 6°7 


R. 2427 (Leeds Coll. 27). Portions of the skeleton of a rather small individual, probably of this 
species. The ossification is complete, although the animal is smaller than the type 
specimen (R. 2428) or than R. 2863. The parts preserved are basioccipital and basi- 
sphenoid, exoccipitals, premaxilla; parts of mandible including the symphysial region ; 
the atlas and axis, and thirty-six other cervical vertebree, the fused neural arches and 
cervical ribs being broken away in nearly all cases; eleven dorsal and thirteen caudal 
vertebrae, some with the arches and ribs; numerous ribs, dorsal and ventral, chevrons ; 
imperfect shoulder-girdle, ischium, (?) femur, tibia, and fibula. 

As already mentioned, although the ossification in this specimen is far advanced, the 
neural arches, the cervical and caudal ribs being fused with the centra, and the coraco- 
scapular foramen completely closed by the median junction of the coracoids and the 
ventral bar of the scapula, nevertheless it is smaller than the type specimen, in which 
none of these indications of maturity are present: it is possible that this difference in 
size may be a sexual one, but the evidence is not sufficient to make this certain. In this 
specimen the caudal vertebrze and chevrons are well preserved : these show that on the 
anterior caudal region the chevron-facets are single and confined to the posterior border 
of the centrum, where they may be raised on a well-marked prominence. Further back 
the chevrons bear two facets, which in some cases may be almost completely separated 
from one another ; in this case they articulate between the centra of two successive 
vertebrae, which bear corresponding oblique facets both on their anterior and posterior 
borders. The chevrons of opposite sides did not unite ventrally. 

The dimensions (in centimetres) of this specimen are :— 


Basioccipital: transverse diameter of occipital condyle . . . 25 

vertical diameter of occipital condyle. . . . 26 

greatest length in middle line . . . . . . 41 

- width at lateral processes. . . . . 52 

Mandible: length of symphysis ......... . «40 

. postarticular process . . . Sais, eS 

width of surface for articulation with padi 55) 
Nasi ce rtical) cervicahi-oer rire becryical dimale acronis S8"S/eenccic’ ment 

Length of centrum in 

mid-ventral line . 5°5 2:8 4-2 5:2 5:3 53 57 50 42 3:8 3:0 


Width of posterior 

face of centrum . 3'3(crushed) 3°6 46 61 6°6 6:3 6-7app.61 5:4 53 4-2 
Height of posterior 

face of centrum . .. we 3-7 4:8 5:2 5:6 6:2 50 45 4:5 3:6 


The numbers of the cervicals in the series are only approximate. 
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Shoulder-girdle: width of coracoids between posterior angles 


of the glenoid cavities . . . . . . . 42:0 
Ischium: width of upper end 11:3 
neck ‘at narrowest, 9 5 4. 6) WF 2 IY 


9 


Murznosaurus platyclis, Seeley. 
[Plate VI. figs. 1-5; text-figs. 48, 58, 68, & 69.] 
1892. Murenosaurus platyclis, Seeley, Proc. Roy. Soe. vol. li. pp. 139-141, figs. 6, 7. 

Type Specimen.—A nearly complete skeleton, including skull (Pl. VI. fig. 1), 
mandible (PI. VI. fig. 2), thirty-eight cervical vertebre (Pl. VI. figs. 4, 5), twenty-one 
dorsals, fourteen caudals, numerous dorsal and ventral ribs, shoulder-girdle (coracoids 
incomplete posteriorly), humeri and other bones of the fore paddles, pelvic girdle, 
femora. The shoulder-girdle (Pl. VI. fig. 3; text-fig. 68) is described and figured by 
Seeley, loc. cit. supra. 


Text-fig. 68. 





~~-=— 


Shoulder-girdle of Murenosaurus platyclis, from above. 
(Type specimen, R. 2678, § nat. size.) 
el., clavicle; cor., coracoid ; gl., glenoid cavity; é.cl., interclavicle ; ¢.s.f., interscapular 
foramen ; sc., scapula. 
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This species was established by Professor Seeley on the evidence of the shoulder- 
girdle only, by¢ its skeleton differs in several other respects from those of WM. leedsi 
and JM. durobrivensis. From the former it, like JZ. durobrivensis, differs in having 
attained a much greater size and more massive proportions, and in possessing shorter 
centra in the cervical vertebrae, which, however, in the hinder region of the neck are 
not quite so much shortened as in MW. durobrivensis. In the anterior cervicals at least 


Text-fig. 69. 
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Left humerus and left femur of Murcenosaurus platyclis: A, humerus; B, femur. 
(Type specimen, R, 2678, 3 nat. size.) 


Ff., facet for fibula; %., head; 7.p., tuberosity ; m.r., ridge for muscle-attachment ; 
r.f., facet for radius ; ¢.f., facet for tibia; ¢r., trochanter; w.f., facet for ulna. 


the centra are a little broader in proportion to their height than in JZ. durobrivensis. 
As in I. leedsi, the longitudinal ridge on the side of the cervical centrum, above the 
articular facet for the rib, is much more strongly developed than in M. durobdrivensis, 
in which it may be completely wanting. Another point distinguishing the cervical 
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vertebre from those of the other species is the great height and width of the neural 
spines on the hinder part of the neck. The shoulder-girdle (Pl. VI. fig. 3; text-fig. 68) 
is ossified completely on the Elasmosaurian plan. The scapule are notable for the great 
antero-posterior extent of the ventral rami; these unite in a long symphysis posteriorly, 
but are separated anteriorly by a deep notch, which was covered in front by the over- 
lying interclavicle, while the posterior part of the notch forms the greater part of the 
interscapular foramen (7.s.f), closed in front by the posterior border of the interclavicle. 
The clavicles are represented by thin plates of bone adherent to the visceral face of the 
interclavicle ; their free portions are not preserved in any specimen. ‘The humerus and 
femur seem to be proportionately rather shorter and stouter than in JZ. leeds?. 

The skeleton in this species may attain a great size and degree of massiveness, 
equalling, or perhaps even surpassing, in this respect the largest specimens of 
M. durobrivensis (see measurements of R. 2425). 


R. 2678 (Leeds Coll. 12). Greater part of a skeleton of a large individual in which the ossification 
of the shoulder-girdle and the fusion of the cervical ribs are complete. The parts 
preserved are:—Skull (Pl. VI. fig. 1), mandible (Pl. VI. fig. 2; text-fig. 48), thirty- 
eight cervical vertebrae (Pl. VI. figs. 4, 5), twenty-one dorsals, fourteen caudals, 
numerous dorsal and caudal ribs, (?) chevrons, shoulder-girdle (Pl. VI. fig.3; text- 
fig. 68), humeri (text-fig. 69 A), radius, ulna, and other bones of the paddle, pelvic 
girdle, femora (text-fig. 69 B). Type specimen described and figured by Seeley in 
Proc. Roy. Soe. vol. li. (1892) pp. 139-141, figs. 6, 7. 


The dimensions (in centimetres) of this specimen are :— 
Skull (Pl. VI. fig. 1): 


Approximate length on mid-dorsalline . . . . . . . 270 
Length from pineal foramen to tip of snout. . . . . . 193 
Width of frontals between the orbits. . . . (approx.) 4:6 
Vertical diameter of the occipital condyle . . . ... 28 
Length of basicecipital 55)". iesen te tee 
ye basisphenoid . . ah ee Pee eS 
Mandible (Pl. VI. fig. 2; text-fig. 48) 
Extreme length . . . <0 6. 2 See BDPPOR,) ee4t-0 
Length of symphysis ferushed ye eee A dy ete! ar 
Depth at coronoid process . . Oe a ee rah pee ee en ee 
Width of articular surface for Pda + SESS Sire oO 
Cervical vertebree Anterior. Middle. Posterior. 
(Pl. VI. figs. 4, 5, 5a, 5b} ses (Fig. 5.) (Fig. 4.) 
Length of centrum in mid- 
ventralline . . . Ree: 4:8 5:0 5°8 6:2 6:3 
Width of posterior aay of 
eentram) 2 Vanes cgay, Boo 53 55 6-4 ? ? 
Height of ditto”. 2 . 2 | 39 4-2 44 5°3 ‘4 ? 
Height to top of neural spine 93 9-6 10:2 (app.) .. 18°8 21:0 


The dorsal vertebree are too much crushed for useful measurements to be made. 
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Anterior caudal vertebre : 


Length in mid-ventral line . . ..... =. 44 4:2 
Width of posterior end of centrum . . . . . 62 6:4 
Width te end of rib-lacete’ go. wu b=. FATS 79 
Height of posterior end of centrum . . . . . 53 5'1 
Hemuytotop of: Arc ee ter ae oy 2 PTS ? 


Shoulder-girdle (Pl. VI. fig. 3; text-fig. 68) : 
Width at hinder angle of glenoid cavity (exaggerated by 


@rushing)}/os- tee, ns ce ee ck Mareen aha VEU 
Greatest length of abe Fee Ce ek ee Ce eer Po, = FEC) 
Length on middle line of interclavicle . . . . . . . 73 
Greatest width’of interclavicle « «© . «© «. « . « . 205 
Greatest lencth ofscapula . ©. . . =.» ++... « S57 
Length of scapular symphysis . . .. -. . + -. 170 
Antero-posterior diameter of coraco-scapular foramen . . 15°0 
Transverse diameter-of ditto)... =. 4 ee st we TED 


Humerus (text-fig. 69 A): 
Length) =. Sem iraVOn tebe art Corr 


Greatest width at upper yaa ee Sea ie Sie Lee 
Least antero-posterior diameter of shaft . . . . . .. 91 
Greatest width ablower end..- 3 a.) 2. oe ene | BOE 
HAS RCD OCUM eT ew nw hm eae et a) ee Ag Ee Oe 
Wale Wh, LD per CUI ots 6 We Os eae ew ae: ba 4 5) wen 100 

LAE VERT GS lle See ae A ee fe 5 
ene Ma oer ad ates. Way el ce LA Ap oS aay per 2 

SRE og Yea 7 aaa a SO shatet! SEN reat anh EO) Bea UG 
width at lower end eat A ee EL ee. ok ISO 

Femur (text-fig.69B): length. . . . . ~~... . . 814 
width at upperend .... . eles 


‘east antero-posterior diameter of shaft Hye gs: 


nwaleleutey? GobRieieCal wy AW ay ey eet lols) 


R. 2425 (Leeds Coll. 24). Portions of a skeleton of a very large individual with the bones, which 
are uncrushed, of exceptionally massive structure. The portions preserved are :—the 
posterior part of the right ramus of the mandible, a tooth, nine cervical vertebre (the 
anterior ones with the longitudinal lateral ridge well developed and the centra a little 
longer than in M. durobrivensis), two dorsals, five caudals (text-fig. 58), numerous 
dorsal (about 34) and ventral (about 18) ribs, ?chevrons, humeri, right ilium, femora, 
tibia and fibula, and numerous bones of the paddles. 

The dimensions (in centimetres) of this specimen are :— 


Length of the mandible from posterior angle to coronvid 
process of articular-surangular-. . . .... . =. . 145 
Width of articular surface for quadrate . . . . ... ~~. 380 
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Tartar Anterior Middle Posterior Middle Anterior Posterior 

pilates dae Te a cervical. cervical. cervical, dorsal, caudal. caudals. 
(Figured.) (Figured.) 

Length of centrum in mid- 


ventral line. . . . . 45 65 59 6-8 50 35 2-9 
Width of posterior face of 

centruin 9). =. 2) pes) OLED) ed 8:7 8-4 7:0 4-O(app.) 3°6 
Height of ditto . .. . oe 6-0 6-7 76 59 5:2 2°8 

Humerus: greatestlength ... - - . «+ + - «+ « « « SOW 

longest diameter of head. . . . - . - ~~ 10 

greatest width of upperend. . ... .. . 1483 

antero-posterior diameter of shaft at narrowest . 9°7 

width of distal end..° 2-527 = 205 6 oer! 

Jlium ; greatest length ~/. GS 2 2) 61+ 4) ee 

width.of upper°end ¢:.8 005 22.4 oe wie ee 

» middle of shaft . .. . . . (approx.) 4-0 

»  lowerend . ; aba ee f(s! 

Femur: greatest length rT et Wn Pe arte lS oe") 

long diameter of head. . . . . . . approx.) 9°8 

greatest width of upperend . . . . . (approx.) 12°2 

width of shaft at narrowest . . . . . . . .. 3 

width of distal ‘end ..- 4° 9.8 a Ws eee 


R. 2456. Portions of a skeleton of a fully adult individual probably of this species. The cervical 
vertebree are greatly crushed and distorted, so that their characters cannot be made out 
with certainty. The parts preserved are :—ten cervical vertebra, eleven dorsals and 
fourteen caudals, mostly wanting the neural arches and much crushed and distorted ; 
portions of the coracoids and scapule, an imperfect interclavicle with traces of the 
thin adherent clavicle on one side, humeri, radii, ulnze, and other bones of the fore 
paddle ; ilium, left femur, tibia and fibula, and other bones of the hind paddle. 

In this specimen ossification is very far advanced: the coracoids and scapule meet in 
a continuous median symphysis, and the humerus and femur are notable for the great 
development of the rugosities for the insertion of muscles on the ventral face of their 
shafts. 

The dimensions (in centimetres) of this specimen are :— 


Humerus: length .¢ 6.8) & te, s A eee 
greatest width of upper end (crushed). . . . . 11°0 

width of shaft at narrowest . . . . ... . 84 

width of distal:end =), oe. a) ee eo 

Radius: greatest length (anterior border) . . .... . 90 
width at proximal articular surface . . . .. =. 95 

Ulna : ‘greatest length-.” G7 “oegsee tas ek) tn 
width at proximal articular surface . . . . . . . 80 


Ilium: length i ON weckhs MR Ene os ne 
» -lowerend (crushed). : . ... . + «+ panmeeeeied 
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Peemineeonethe neat eat etl Pe Ok a) 4 eh ek te et oar 
greatest width of upper end (crushed) . . . . . 97 

width of shaft at narrowest . . . .. =.=. =.=. 60 

A Cistalcendwcnge-aiktiaras, 10 Sage eee rs eo ee LOO 

biases Crea Low bhdeneth a beled as st ese ct, 42 a ete | OFF 
Wich ee eee NR es ce gs OO 

Hibula preatestlength, 295.5. 2 2 « s =< 2's » - . 66 
PO Re WiG eee ee ye ed. se yank ia OO 


The vertebrae and shoulder-girdle are too much crushed and imperfect to give any 
measurements of value. 


Genus PICROCLEIDUS, Andrews. 
[Ann. Mag. Nat. Hist. [8] vol. iv. (1909) p. 421.] 


Plesiosaurs in which ossification is complete while they are still of very small size. 
Skull known only from a few fragments, resembling generally the same parts of the 
skull of Tricleidus seeleyi. The neck includes upwards of thirty-nine vertebre, the 
centra of which are shorter than in Murenosaurus (especially in the anterior region) 
and longer than in Cryptocleidus. The ends of the centra are considerably wider than 
high and are almost flat, often with a small mammilla in the centre. The single- 
headed cervical ribs of the anterior part of the neck have a distinct anterior limb 
(Pl. VII. fig. 5, a.p.), which further back in the series may be reduced to a small angular 
projection on the anterior border. ‘The neural spines on the anterior part of the neck 
are low and rather wide, but they increase gradually in height till in the hinder region 
they are both wide and high (PI. VII. fig. 3). In the shoulder-girdle (Pl. VII. figs. 2, 2a; 
text-fig. 70) the clavicular arch consists of a small interclavicle shaped somewhat like 
an arrow-head and triangular in section; the clavicles, if present at all, seem to be 
represented by mere films of bone, adherent to the visceral face of the scapule. ‘These 
are of a typically Elasmosaurian type, meeting in the middle line in an extensive suture 
and extending back to meet the anterior median prolongation of the coracoids. 
Anteriorly they are separated by a notch for the reception of the interclavicle. The 
coracoids are comparatively short, posteriorly they are produced backwards into blunt 
processes, both at their outer and inner angles. The humerus is only slightly expanded 
distally and articulates with the radius and ulna only. These bones show a tendency 
to greater elongation than is usual in the family. The pelvis is imperfectly known ; it 
seems to resemble that of Murenosaurus rather closely, but the expanded blade of the 
ischium is relatively longer. 

This genus is distinguished from Cryptocletdus and Tricleidus by the greater 

T2 


140 MARINE REETILES OF THE OXFORD CLAY. 


number of cervical vertebra in the neck and the flatness of their terminal faces; the 
shoulder-girdle also differs widely from the types characteristic of those genera. From 


Text-fig. 70. 


aged 





Shoulder-girdle of Picrocleidus beloclis, from above, rather less than j nat. size. 
(Type specimen, R. 1965.) 


cor., coracoid ; i.cl., interclavicle; s¢c., scapula; v.sc., ventral ramus of scapula. 


Murenosaurus it is distinguished by the shortness of the centra of the cervicals and the 
form of the shoulder-girdle. 


‘Two species are known at present. 


Picrocleidus beloclis, Seeley, sp. 
[Plate VII. ; text-fizg. 70.] 


1892, Murenosaurus beloclis, Seeley, Proc. Roy. Soe. vol. li. pp. 143-145, figs. 10-12. 
1909. Pierocleidus beloclis, Andrews, Ann. Mag. Nat. Hist. [8] vol. iv. pp. 421-428, fig. 3. 

Type Specimen.—A portion of a skeleton including six cervical vertebra, two dorsals, 
ten ribs, scapule, coracoids, interclavicle, humeri, one radius, ulne (R. 1965, Leeds 
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Coll. 14). Shoulder-girdle and radius and ulna figured by Seeley, Joc. cit. supra, 
figs. 10-12. 

This species was distinguished by Professor Seeley on the strength of the structure 
of its clavicular arch, and its numerous other peculiarities show that he was fully 
justified in his conclusions. 

In the type specimen no parts of the skull are preserved, but in the case of a second 
individual (R. 3698, Leeds Coll. 173) referred to this species, some fragments of the 
skull and mandible are present, the chief elements being the basioccipital (still articu- 
lating with the atlas and axis), the quadrates with part of the squamosals attached, and 
a much crushed exoccipital. The dastoccipital is much distorted, but, apart from the 
small size, does not seem to differ in any important particular from the same bone in 
Tricleidus (p. 150). The quadrate is notable for the narrowness of the articulation 
for the mandible, in this respect differing widely from the same part in T’ricleidus and 
Murenosaurus, the outer convex condyles seen in the quadrates in those genera being 
almost absent: this peculiarity is, of course, reflected in the articular surface of the 
mandible, the outer concavity being correspondingly narrow. ‘The postarticular 
(angular) region of the mandible is much more slender than in the other genera. 
A few fragments of the crowns of teeth on the back of the right ramus of the 
mandible show that the enamel is raised into fine longitudinal ridges. 

In the type specimen only six cervicals and two dorsals are preserved, but in R. 3698 
all the cervicals (Pl. VII. fig. 5), with the possible exception of one or two posterior 
ones, and some sixteen caudal vertebree, are preserved. ‘The cervicals, including the 
atlas and axis, are at least thirty-nine in number. The aélas and aais (Pl. VII. fig. 5) 
are closely fused together and are relatively much shorter than in Murenosaurus and 
Tricleidus, although their structure seems to be the same as in those genera. Both 
atlas and axis are rib-bearing (7 1, r 2); the neural arch and spine are lower than in the 
above-mentioned genera, and there is no hypapophysial ridge. The posterior face of the 
axis is gently concave and is much wider than high, characters that are also present in 
the centra of the other cervical vertebra. In these the centra are considerably wider 
than they are long, and their upper surface is deeply grooved by the floor of the 
neural canal (figs. 4, 5a, 56). ‘The neural spines: are low and inclined backwards 
in the anterior region, but further back they become more upright and at the same 
time broad and high (PI. VII. figs. 3, 4,5). The anterior cervical ribs have a well-marked 
anterior process (a.p.), which further back is reduced to a slight angulation on the 
front of the rib. Two anterior dorsals are preserved in the type specimen: in these 
the centra are wide and depressed, the ends being very slightly concave with a gently 
raised central area. The transverse processes are very stout and strong and terminate in 
a broad facet for the single-headed dorsal rib; the neural arches are not well preserved. 
Some of the caudal vertebre are shown in the second specimen: of these the anterior 
ones have wide low centra (Pl. VII. figs. 6, 6 @) with somewhat concave ends; on the 
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sides they bear, on slight prominences, large rounded facets for the caudal ribs ; the 
ventral face is very gently convex from side to side, and may or may not be perforated 
by nutritive foramina. Further back the caudal centra become deeper and narrower, 
the greater depth being mainly due to the development of a pair of strong longitudinal 
ventral ridges, the posterior ends of which are obliquely truncated by facets for the 
chevrons. Between these ridges the surface of the centrum is concave from side to 
side, as it is also between the ridges and the costal facets. The ends of the centra in 
this region are more strongly concave than further forwards. In the hinder part of 
the tail the ventral ridges become very strongly marked, and towards the end of the 
column they are produced into strong tuberosities which may coexist with chevron- 
facets, and therefore are not fused chevrons; these last-mentioned elements extend 
to the termination of the tail. In the caudal region the neural arches are low with 
stout pedicles, which unite with the anterior three-fourths of the centrum ; the neural 
spines are short, stout, and inclined backwards. In the middle of the tail the zyga- 
pophyses are well developed, but further back they are reduced and at last disappear, 
and in a few of the terminal caudal vertebre it is doubtful whether the neural arch 
was present at all. 

A number of small bones of peculiar form, associated with the caudal vertebra, seem 
to be caudal ribs. If this determination be correct, it would appear that the ribs of some 
of the caudal vertebree united with one another at their outer ends by facets and in some 
cases even fused; it might be suggested that these bones were chevrons, but their 
articulations do not seem to fit the chevron-facets. 

The shoulder-girdle (Pl. VII. figs. 2, 2 a; text-fig. 70) in the type specimen is well 
preserved. The clavicular arch has been figured and described in detail by Professor 
Seeley *, who states that ‘“ The interclavicle was found zn situ, resting on the visceral 
surface in a depression between the anterior margins of the scapulz and not projecting 
in advance of those bones. It is lanceolate in contour, 22 inches long, 13 inches wide 
towards the slightly concave anterior margin, and half. as wide at the rounded 
posterior extremity. It is a little distorted, like the other bones of the shoulder-girdle, 
has a flat visceral surface and an angular ventral surface, due to the bone being 
traversed by an elevated median ridge, which dies away anteriorly, and from this ridge the © 
lateral surfaces are inclined. On the left side of the ventral surface its middle part is 
covered by a thin film of bone, which I suppose may be part of.the clavicle. It corre- 
sponds in texture and thickness with a detached film of bone which rests upon the right 
scapula. That ossification is triangular, about 1+ inch in each measurement, and has 
nearly straight sides. It is quite separate from the interclavicle and lies towards the 
external border of the scapula; there is no surface for its articulation, for all the 
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ma rgins of the interclavicle are sharp, thin, and perfectly ossified, like its median crest. 
It is therefore probable that the clavicles were either loosely articulated to its margin, 
or extended between the interclavicle and scapula.” 

The izterclavicle (7.cl.) thus described is shown on Pl. VII. figs. 2,2@. In section it 
is nearly triangular, and the ventral angle no doubt fitted between the divergent anterior 
ends of the ventral rami of the scapule; possibly, however, these were already united 
by cartilage, so that the interclavicle would be completely shut in below. ‘The film- 
like patches of bone are probably remnants of the disappearing clavicles, as Seeley 
suggests: in Murenosaurus platyclis (see Pl. VI. fig. 3) a somewhat similar condition is 
found, though the reduction has not been carried nearly so far. 

The scapule (sc., Pl. VII. fig. 2) are similar to those of Tricletdus, except that the 
ventral rami (v.s¢c.) are relatively smaller. ‘Their sutural union in the middle line is 
wide and strong, and posteriorly is continuous with the median suture of the coracoids ; 
anteriorly it is limited by a deep notch, and in front of this is the cleft occupied by the 
interclavicle. The dorsal ramus (d.sc.) is large, but neither it nor the posterior part of 
the bone presents any important peculiarities. 

The coracoids (cor., Pl. VII. fig. 2) are smaller, and especially shorter, in proportion 
to the girdle as a whole than in the other genera. As usual in the group, they 
unite in a long median suture which extends forwards to the scapule, completely 
dividing the coraco-scapular openings. Between the glenoid cavities (g/.) the bones 
are much thickened, particularly towards the middle line, the symphysis here being 
very deep. Posteriorly the bones are thin. The surface for union with the head of 
the scapula is triangular and makes an angle of 120° with the glenoid surface, which 
with the glenoid surface of the scapula makes a deep oval fossa for the articulation of 
the humerus. Behind the glenoid cavity the lateral border of the coracoid is deeply 
concave. Posteriorly it runs out into a well-developed postero-lateral process, from 

~ which the concave posterior border runs inwards and backwards to the pointed internal 
process, which is separated from its fellow in the middle line by a V-shaped notch. 

The humerus (Pl. VII. fig. 26) of the type specimen is a comparatively short stout bone; 
it is almost completely ossified, the head being strongly convex, owing to the extension 
of ossification into the cartilaginous cap. The surface of the head (h.) is still much rough- 
ened, and bears a number of small prominences, perforated at their summit for the 
passage of nutritive vessels. ‘This roughened surface is continued on to the upper end 
of the strong tuberosity (/.p.), the form of which is shown in the figure. The outer 
surface of the process near its upper edge is raised into a series of strong ridges parallel 
with the long axis of the bone. The ventral surface of the upper end of the shaft is 
much roughened, and raised into slight prominences for the attachment of muscles. 
In section the outline of the shaft is a depressed oval, the long axis being in the same 
direction as the distal expansion. This is not very greatly developed, and is mainly 
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postaxial ; the upper and lower surfaces in this region are much roughened, the bone 
presenting a peculiar fibrous appearance, seen also in other Plesiosaurs, and being 
perforated by a number of small foramina running obliquely into the substance of the 
bone towards the shaft. 

The distal end bears facets for the radius and ulna: the former of these surfaces is 
the larger and is nearly flat; it makes a very obtuse angle with the ulnar facet, which 
is a little concave. Postaxially the cartilage-covered surface turns upwards on to the 
posterior border of the distal expansion, and there may have been a small postaxial 
accessory ossicle as in some other forms. | 

The shape of the radius and ulna will be best understood from the figure (Pl. VII. 
fig. 26); it will be seen that they unite with one another by a large proximal surface 
and a smaller distal one, enclosing between them an almost circular opening. The 
radius (7.) is considerably larger than the ulna (w.), particularly as to the length of its 
preaxial border. The postaxial border of the ulna bears three facets, which were 
cartilage-covered in life and may have supported the pisiform and the postaxial 
accessory ossicle above referred to. Professor Seeley, in describing these specimens, 
drew attention to the tendency to the elongation of the radius and the transverse 
extension of the ulna: this character is better marked in another specimen (R. 3698). 

Distally the radius and ulna articulate with the radiale, intermedium, and ulnare; 
the radial and ulnar facets for the intermedium are of about the same size. 

In the second specimen (R. 3698) a left femur is preserved. In this bone the head 
is well ossified and convex, its surface being similar to that seen in the humerus 
described above. ‘The trochanter is large, forming a considerable prominence on the 
dorsal surface of the upper end of the bone, the ventral surface of which is much 
roughened for the attachment of muscle; there is also a short but prominent ridge on 
the postero-superior surface of the shaft. The distal extremity is less expanded than 
in the humerus, and the expansion is more equally preaxial and postaxial. 

The surfaces for articulation with the tibia and fibula are nearly flat, that for the tibia 
being a little the larger. | Postaxially the fibular surface passes up for a short distance 
on to the posterior border of the expansion. The bone here regarded as the tibia is 
rather longer than broad ;.it unites posteriorly at its proximal end with the fibula by a 
large facet, but does not seem to have touched it distally. The fibula is broader than 
long and closely resembles the ulna in form, 


R. 1965 (Leeds Coll. 14). A portion of a skeleton including six cervical vertebra, two dorsals, 
ten ribs, scapulee, coracoids, interclavicle, humeri, one radius, ulne. Type specimen 
described and figured by Seeley, loc. cit. supra, as Murenosaurus beloclis. (Pl. VII. 
figs. 2-4; text-fig. 70.) é 
The dimensions (in centimetres) of this specimen are :— 
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R. 3698 (Leeds Coll. 173). Portions of skull and skeleton including basioccipital, quadrate 
with part of squamosal, a much crushed exoccipital, portions of mandibular rami, 
atlas, axis, and thirty other cervical vertebree, many with ribs and neural arches 
(ribs fused in the anterior part of the neck, free posteriorly), sixteen caudal vertebree, 


U 
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numerous separate cervical and caudal ribs, ? chevrons,* radius and ulna, femora, 
tibia, and fibula. 
The dimensions (in centimetres) of this specimen are :— 
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Picrocleidus sp. 


In addition to the skeletons undoubtedly belonging to the type species of this 
genus, there are remains of a small Plesiosaur which is probably referable to this 
genus, but differs: from the typical form in the shape of the centra of the cervical 
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vertebrae, which are deeper in proportion to their length and width, though otherwise 
very similar; so far as is known, the shoulder-girdle and humerus are not distin- 
guishable from those of P. beloclis. Further material will probably justify the 
separation of this form as a distinct species, but for the present it need not be named: 
the specimen (R. 2429) here referred to, including the nearly complete shoulder-girdle 
and left humerus, with some posterior cervical and the pectoral vertebrae, an anterior 
dorsal, and some ribs, may be taken as the type. 


R. 2429 (Leeds Coll. 41). Portion of a skeleton of an adult individual. The parts preserved 
include the six posterior cervical vertebrae, two pectorals and the first dorsal, some 
dorsal ribs ; the shoulder-girdle, wanting the interclavicle and the posterior part of the 
coracoids ; the left humerus. The shoulder-girdle, so far as preserved, is closely 
similar to that of the type specimen of P2erocleidus beloclis, and the same may be said 
of the humerus. The vertebree, on the other hand, have centra in which the height is 
greater in proportion to the length and width than in the type species, 

The dimensions (in centimetres) of this specimen are :— 
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R. 2739 (Leeds Coll. 33). Portions of the skeleton, including basioccipital with part of basisphenoid 
and parasphenoid, twenty-six cervical vertebrae mostly with the arches and ribs, 
two sacrals with the sacral ribs, one anterior caudal, some ventral ribs, both radii, 
odd paddle-bones, portions of ilia, ischia, and pubes. 

In this specimen the fusion of the ribs and neural arches with the centra of the 
cervical vertebrze is complete, and the same is the case in the single caudal preserved. 
In the sacrals the ribs remain distinct (text-fig. 71) and it is interesting to note that 
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towards their outer extremities they converge and were in contact or separated only 
by pads of cartilage ; probably three or four sacrals were present. It is not clear what 
the relationship of the outer ends of the sacral rib was to the ilia, but probably 
there was no actual contact and the connection was only by ligament. 


Text-fig. 71. 














2 


Sacral vertebra and ribs of Picroclecdus sp., from above. 2 nat. size (R. 2739). 


n.sp., neural spine; p.z., posterior zygapophysis ; 7,f., facets for sacral ribs; s.r.,-sacral ribs. 


The pubes and ischia are very completely ossified, and their median symphysial 
borders are continuous, the obturator foramina being completely surrounded by bone : 
the blade of the ischium is rather narrower and more elongated than in Murenosaurus. 


The dimensions (in centimetres) of this specimen are :— 
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Genus TRICLEIDUS, Andrews. 
[Ann. Mag. Nat. Hist. [8] vol. iv. (1909) p. 419.] 


Small Plesiosaurs in which the skull is short and broad, with twenty teeth on each 
side (five on premaxilla, fifteen on maxilla). Pterygoids bear well-developed processes 
for union with the basisphenoid, Parasphenoid broad and abruptly truncated in front. 
Quadrate region apparently consisting of two elements (? quadrate and quadrato-jugal), 
Teeth long, slender, and very sharply pointed; the anterior maxillary teeth enlarged. 
Neck rather more than three times the length of the skull, and consisting of about 
twenty-six vertebre (including the atlas and axis); the centra with strongly concave 
articular ends, which are much wider than high. ‘The cervical ribs have a prominent 
anterior angle. In the shoulder-girdle there is a large interclavicle with well-developed, 
elongated clavicles. The humerus is stout and is not greatly expanded at the distal 
end, where it articulates with four elements, the radius, ulna, pisiform, and a small 
accessory postaxial ossicle, probably sometimes wanting. Femur more slender than 
humerus, and articulating with two bones only. 

It has been found necessary to establish this genus for the reception of a small 
Plesiosaur which differs in some important respects from Cryptocleidus, Murenosaurus, 
and other forms with which it has been compared. ‘The chief peculiarities are the 
possession of well-developed processes of the pterygoids for union with the basis cranii, 
the presence both of well-developed interclavicle and clavicles, and the distal 
articulation of the humerus with four elements. Only one species is known at 
present. 


Tricleidus seeleyi, Andrews. 
[Plate VIII. ; text-figs. 72-77. ] 
1909. Tricleidus seeleyi, Andrews, Geol. Mag. [8] vol. iv. p. 421, text-figs. 1, 2. 


Type Specimen.—An imperfect skeleton including the disarticulated bones of the 
skull (text-figs. 72-75), the mandible (PI. VIII. figs. 1, 1a), cervical vertebrae (P]. VIII. 
figs. 8, 8 a-d), pectorals (Pl. VIII. fig. 7), five dorsals (Pl. VIII. figs. 5, 6), and two 
caudals; numerous dorsal and ventral ribs, coracoids, scapule, clavicles, interclavicle 
(Pl. VIII. fig. 3); fore paddles (imperfect) (text-fig. 77), one pubis; imperfect hind 
paddles (Pl. VIII. figs. 4, 4@) (R. 3539, Leeds Coll. 39). The pectoral girdle and 
fore paddle have been figured in the Geol. Mag. loc. cit. supra. 

The following account of the skeleton in this species is founded on the type and 
only known specimen. 

Skull (text-figs. 72-75).—In the skull here described most of the bones are 
separate from one another and, in many cases, much crushed and broken; some are 
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missing. Some of the elements are so little distorted that it has been possible to join 
them together again in their natural position, as in the case of the basis cranii and the 
pterygoids shown in text-figure 74. The general form of the skull, as a whole, cannot 
be made out with certainty, but it must have been very similar to that of Murenosaurus 
(text-figs. 4.6, 47), since the individual bones are for the most part like the corresponding 
elements in the skull of that genus. In consequence of this general similarity the 
bones will not be described in detail, except where they present peculiar features. 

In the basioccipital (text-figs. 73-74) the occipital condyle (o0c.c.) is more strongly 
convex, and the pterygoid processes are relatively larger than in Murenosaurus. ‘The 
united exoccipital and opisthotic (text-fig. 72) are not so stout, and the paroccipital 


Text-fig. 72. 








Right exoccipital-opisthotic of Tricletdus seeleyi: A, from inner side; B, from outer side ; 
C, from front. (R. 3539, nat. size.) 


a., cavity for ampulla of posterior vertical semicircular canal; boc.f., facet tor union with the basioccipital ; 
h.c., channel for horizontal semicircular canal; jug., jugular foramen; pro.f., surface for union with 
prootic; p.v.c., channel for posterior vertical semicircular canal; q.f., facet for quadrate ; soc.f., surface 
for union with supraoccipital ; swt., line of juncture between the exoccipital and opisthotic; XZJ, foramen 
for the XII nerve. 


processes, the distal ends (¢.f.) of which are much expanded, are longer and more 
slender than in Murcnosaurus. The line of union (sut.) between the exoccipital and 
opisthotic elements is clearly traceable on the inner face and on the surfaces for union 
with the basi occipital (d0c.f.) and supraoccipital (soe.f.) bones. ‘The various cavities 
and foramina for the nerves, blood-vessels, and auditory apparatus are much as in 
Murenosaurus (ef. text-fig. 45). The supraoccipital is not known. 

The bastsphenoid (bs., text-figs. 73, 74), as in Murwnosaurus, consists of a thickenen 
posterior body and an anterior portion, the upper surface of which is deeply hollowed 
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for the reception of the pituitary body (pit.foss.). The postero-external angles of the 
posterior portion of the bone are obliquely truncated by small facets (ptf!) for union 
with the anterior ends of the basisphenoid processes of the pterygoids. ‘The upper. 
anterior angles of the body of the bone bear a pair of facets (f., in text-fig. 73, A) 
looking upwards and a little outwards, which, judging from comparisons with some 
recent forms, united with the lower end of the anterior prolongation of the prootics, 
The posterior surface of the pituitary fossa is perforated on either side by a large 
foramen for the internal carotids (7.c.f.); from the outer anterior border of each of 
these openings a sharp crest runs outwards and forwards on the cranial surface, 


Text-fig. 73. 





Basioccipital, basisphenoid, and parasphenoid of T'ricleidus seeleyi: A, from above; B, from right side, 
(R. 3539, nat. size.) 


bs., basisphenoid ; evo.f., surface for union with the exoceipital; f., in fig. A facet for (?) lower end of 
prootic, in fig. B facet for pterygoid; 7.c,f., internal carotid foramen; oc.c., occipital condyle ; 
pas., parasphenoid ; pit.foss , pituitary fossa; pt.f., facet for posterior ramus of pterygoid ; pt.f., facet 
for process of pterygoid; pt.f.?, facet for inner border of palatal ramus of pterygoid; v.¢.p., lower 
cylindrical processes of basisphenoid. j 


apparently defining the. outer side of the pituitary fossa. External to this ridge and in 
front of the carotid foramen the sides of the bone are produced into short wing-like 
processes, terminating on facets (f., in text-fig. 73, B), looking outwards and forwards, 
probably for union with the pterygoids, though this is not certain. The basisphenoid 
terminates anteriorly in two short vertically-compressed processes (v.¢c.p.) ending in 
transversely elongated facets for union with the bone or cartilage of the presphenoid 
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region. ‘The ventral face of the basisphenoid is almost completely concealed by the 
adherent parasphenoid (pas.), the postero-external angle of which may perhaps take 
part in the formation of the facets (pt.f.1) for the processes of the pterygoids. The 
ventral face of the posterior part of the bone is covered with irregular rugosities ; 
further forwards it becomes quite smooth. From its posterior end the bone narrows 
gradually till just in front of the anterior end of the basisphenoid, when it suddenly 
widens out, the lateral borders of the widened portion bearing oblique surfaces (pt.f.”) 
for union with the inner edge of the pterygoids. Anteriorly it terminates abruptly in 
a thin, sharp, and somewhat concave border. The free portion anterior to the basi- 
sphenoid is thin, but is strengthened by the presence of a pair of blunt ridges on the 
upper surface on either side of the middle line, which is marked by a longitudinal 
groove. ‘The form and relations of the parasphenoid are shown in text-figs. 73, 74. 

The parietals are not well preserved ; it can be seen that the sagittal crest was short 
and was high anteriorly. Posteriorly the bones send off short stout lateral processes 
which unite with, and are to some extent overlapped by, the squamosals, while 
anteriorly they widen out and are separated in the middle line by the large parietal 
foramen, of which they form nearly the whole border. ‘Their anterior edges unite 
internally with the posterior ends of the frontals, which close the front of the pineal 
foramen, and externally to these there is a broad sutural surface which, judging from 
the structure in Murenosaurus, united with the postfrontals. On the ventral surface 
of the united parietals there is posteriorly a broad facet, looking backwards and 
downwards, for union with the supraoccipital. In front of this the cranial surface of 
the bones is at first nearly flat, becoming more and more concave forwards as it passes 
into the posterior wall of the pineal opening, which is bordered laterally by strong 
ridges. On the posterior border of the anterior expansion of the parietals there is a 
pit-like facet, probably for the reception of the upper end of the columella cranit. 

The frontals, so far as they are preserved, are much like those of Murwnosaurus. 
The nasals are unknown, and indeed the whole of the bones of the upper surface of 
the skull are badly preserved or wanting altogether; it appears, however, that the 
external nasal opening was large. 

The mazille each bear fifteen teeth, of which the third and fourth are the largest. 
behind them there is a gradual decrease in size to the hinder end of the series. The 
facial (suborbital) plate of the bone is large, thin, and concave superiorly. ‘The 
palatal portions of the bone are small. ‘The sutural surface for union with the 
premaxille is straight and nearly at right angles to the long axis of the skull. 

The premaazille are almost triangular in outline and are prolonged back in the mid- 
dorsal line into short facial processes. The facial surface is covered with pits and 
strong ridges. ach bears five teeth—the first small, the second, third, and fourth 
large, the fifth again small. 


The vomers are closely united into a triangular plate of bone, and their upper surface 
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bears a deep median groove, at the bottom of which traces of the original 
separation of the two bones can be seen. At the posterior end of the groove are two 
deep depressions which seem to have received the anterior ends of the pterygoids. 


Text-fig. 74, 




















Basis cranii and pterygoids of Tricletdus seeleyi, from below. (R. 3539, nat. size.) 
boc., basioccipital; bs., basisphenoid; i.p.v., interpterygoid vacuity; oc.c., occipital condyle; pas., para= 
sphenoid ; p.p.v., posterior palatine vacuity; pt., pterygoid; pt,f., facet for posterior ramus of pterygoid ; 
pt.p., basisphenoid process of pterygoid; pt.s., sutural surfaces of anterior ends of pterygoids, the 
bones being separated through distortion ; q,f., facet for union with quadrate. 
x 
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Laterally the bones are thickened and bear sutural surfaces looking upwards and 
outwards; these are mainly for union with the palatine plates of the premaxille, but 
posteriorly probably also with the palatines. The posterior portion of the lateral 
border has a smooth slightly concave edge, presumably the inner side of the internal 
narial opening. ‘The palatal face of the combined bones is gently convex from side to 
side. 

The pterygoids (text-fig. 74) are peculiar in several respects, differing considerably 
from those of Murenosaurus. The outer (lateral) ramus seems to have been very 
short or absent, the transverse bone haying united directly with the lateral border of 
the body of the bone, where a facet for its reception can be seen. The main body of 
the bone consists of a comparatively thin palatal portion and a thickened and deepened 
posterior bar, which at its posterior end unites with the quadrate. The posterior 
portion of the palatine region is narrow and is strengthened by a dorsal ridge-like 
thickening, which is, in fact, the anterior prolongation of the thick quadrate region ; 
the dorsal surface of this ridge, which dies away opposite the surface for the transverse 
bone, bears a roughened facet, probably for union with the lower end of the columella 
cranw. In front of this the palatal plate widens out and its ventral (oral) surface is 
marked by a series of slight longitudinal grooves. Anteriorly the bone narrows and 
becomes vertically compressed ; in this region it was probably in contact in the middle 
line with its fellow of the opposite side for some distance (pt.s.); behind this point 
backwards as far as the anterior edge of the parasphenoid the pterygoids are separated 
by a median interpterygoid vacuity (7.p.v.). Anteriorly the extremities of the two 
bones fitted into the pits on the posterior border of the vomers referred to above. The 
most peculiar feature of the pterygoids in this genus is the presence on each of them 
of a long process (pt.p.) for union with the postero-external angles of the basisphenoid 
(and perhaps, to some extent, of the parasphenoid). ‘These processes, which are 
directed forwards and inwards, arise at the junction of the palatal and quadrate regions 
of the pterygoids; they are compressed from before backwards and their posterior face 
is nearly flat, the anterior being convex from above downwards ; they terminate in flat 
oblique facets which fit against the corresponding facets on the basis cranii as above 
mentioned. The quadrate region of the pterygoid is short, stout, and somewhat com- 
pressed from side to side; its outer face is convex, while its inner bears a large flat 
facet for union with the pterygoid tuberosity of the basioccipital; its posterior end is 
bifurcated and has an irregular sutural surface for the inner edge of the quadrate, 
with which it seems to have united very firmly. 

The palatines and transverse bones are not completely known. 

The quadrate region (text-fig. 75) presents some remarkable features. The articular 
surface, which in other Plesiosaurians examined is formed entirely by the quadrate, is 
in this case apparently constituted by two distinct elements. It is just possible 
that this division may be the result of fracture; but if so, this has occurred sym- 
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metrically on both sides and the resulting surfaces look like the faces of a suture. Of 
the two parts the inner (q.') is the smaller and is narrow from side to side; its inner 
border bears a deeply hollowed and roughened surface for union with the posterior end 
of the pterygoid ; distally it bears the surface for the inner third of the articulation of 
the mandible (cond.), this surface being strongly convex from before backwards and 
slightly so from side to side. The outer border, where union with the larger outer 





Left squamosal and quadrate of Tricleidus seeleyi, from outer side (R. 3539, nat. size.) 


cond., condyle for mandible ; q., outer portion of quadrate (? quadrato-jugal) ; q.’, inner portion of quadrate ; 
sq., zygomatic bar of squamosal ; sq.', parietal bar of squamosal. 


element (q.) takes place, is irregularly roughened, the two uniting in a partly over- 

lapping suture. The outer two-thirds of the articular surface for the mandible is borng 

by the second, larger element ; this surface is strongly convex from before backwards, 

very narrow at the junction of the two elements, but widening towards its outer side. 

Externally there is a pointed process, and on the upper edge of this, and on the long 
x2 
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straight border above it, is a clearly defined sutural surface for union with the lower 
ramus of the squamosal (sq.). 

There seem to be two possible explanations of this peculiar structure of the quadrate 
region: one, as already mentioned, that the two quadrates have been fractured in an 
exactly similar way, the other that there are really two distinct elements. In the latter 
case the smaller inner bone (q.’) uniting with the pterygoid would be the true quadrate, 
while the larger outer one overlapped by the squamosal would be a quadrato-jugal. 
This latter would bear the greater part of the articular surface for the mandible, a 
condition which, so far as | am aware, is never found in other reptiles, though in 
Sphenodon the quadrato-jugal does seem to enter into the formation of the outer border 
of the articulation. ‘The absence of the division in any specimens, some quite young, 
of other species, favours the idea that a symmetrical fracture has occurred, but, never- 
theless, it seems well to suggest the other explanation also. 

The squamosai (text-fig. 75) is a large triradiate bone as in Murenosaurus, but there 
are some differences of detail. The dorsal bar (sg.’) running up to meet the squamosal 
process of the parietal is comparatively slender; at its upper end it is slightly enlarged 
and bears a deeply pitted surface for union with the parietal. In this genus the dorsal 
rami of the two squamosals do not seem to have met in the middle line over the 
parietals. Ventrally the bar widens out and the ridge forming its upper border 
bifurcates, the anterior arm becoming continuous with the upper edge of the anterior 
ramus. ‘This is thin and broad, its upper margin being convex, the ventral concave, 
and passing posteriorly into the anterior edge of the broad ventral (quadrate) ramus. 
The posterior border of this latter has on its inner face an extensive sutural surface 
for union with the quadrate (or quadrato-jugal), which it overlaps to a considerable 
extent. The anterior end of the zygomatic process (sqg.) probably united both with 
the jugal below and the lower edge of the postorbital above. 

The remainder of the skull is represented by mere fragments, which it has not been 
found possible to piece together. 

The mandible (Pl. VIII. figs. 1, 1a) is very well preserved in the type specimen. 
In its general structure it is closely similar to that of Murenosaurus, the same fusion 
between the constituent bones having occurred. It is rather stouter in proportion to 
its length than in Murenosaurus, at least in the tooth-bearing region ; the coronoid 
angle, which seems to be formed by the hinder end of the splenial, is very little 
developed ; the symphysis is short. 

The teeth (Pl. VIII. figs. 1, 2) in both the upper and lower jaws are long, 
slender, curved, and terminating in very sharp points. ‘The enamel at the lower part 
of the crown is raised into fine nearly parallel ridges; these mostly die away towards 
the point, only one or two continuing to the actual tip. 

Vertebral Column (Pl. VIII. figs. 5-8).—In the length of the neck and in the structure 
of the individual vertebra this genus approaches Cryptocleidus and differs widely from 
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Murenosaurus. The number of cervicals (assuming that the series collected is 
complete, as it appears to be) is only twenty-five, or even less than in Cryptocleidus, 
and only little more than half the number in Murenosaurus (44). The atlas and axis 
(Pl. VIII. fig. 8) are similar to those of Murwnosaurus figured above (text-fig. 49), except 
in some details: thus the hypapophysial ridge, though not so strongly developed in front, 
extends quite to the posterior end of the axis. The rib of the atlas (Pl. VIII. fig. 8, 7.1) 
is much longer than in Murenosaurus, though still much smaller than that of the 
axis (r.°); the neural arches (at.a., axv.a.) are lower. The other members of the 
cervical series are characterised by the possession of short centra (if anything, a little 
shorter than in Cryptocleidus), the articular surfaces of which are considerably broader 
than high and rather strongly concave (Pl. VIII. figs. 8, 8 a, 8 6, 8c, 8d) with a deep 
central pit ; the concavity is bordered by a well-developed rounded border. ‘The upper 
surface is slightly concave beneath the neural canal. The lateral surfaces of the centra 
above the facets for the cervical ribs are concave both from before backwards and 
above downwards; the ventral face is, as usual, perforated by a pair of nutritive 
foramina separated by a narrow ridge. 

The neural spines are relatively narrower from before back than in Cryptocleidus, 
and towards the hinder part of the neck also higher. ‘The cervical ribs have a well- 
developed anterior angle, a remnant of the hammer-head shape of the ribs in some of 
the earlier Plesiosaurs: this angle is less developed or absent altogether in Cryptocleidus, 
but is well-marked in Picrocleidus (see Pl. VII. fig. 5, a.p.). Behind the cervical series 
there are two vertebre in which the rib is borne partly on the centrum and partly on 
the incipient transverse process of the arch; these may be called the pectorals. Behind 
these, in the type specimen, follow five dorsals, all that remain of the rest of the 
vertebral column except two small posterior caudals. In the pectorals and anterior 
dorsals (PJ. VIII. figs. 5, 6, 7) the centrum becomes more nearly circular in outline as 
we pass backwards, and the nutritive foramina ascend to its sides, where they open 
at the bottom of a well-defined depression. At the same time the ventral surface 
becomes flatter, so that at the fifth (the last preserved) dorsal it is only slightly convex 
from side to side (Pl. VIII. fig. 5); the articular faces continue to be deeply concave. 
The transverse processes increase rapidly in length as they pass backwards ; the neural 
spines are high and relatively narrow. 

Of the two small posterior caudals the anterior one is considerably larger at its 
anterior than at its posterior end; the neural arch seems to have been very small and 
low, and was confined to the front of the centrum. On the sides there are prominent 
facets for the caudal ribs. On the ventral surface there is on either side a strong 
rounded ridge cut away obliquely both in front and behind by the chevron facets ; 
both between and above these ridges the body of the centrum is concave from side to 
side. The second still smaller caudal also bears facets for ribs and chevrons. 

The shoulder-girdle (Pl. VIII. fig. 3; text-fig. 76) is typically Elasmosaurian, the 
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scapule and coracoids meeting in a long continuous median symphysis. ‘The structure 
of the clavicular arch in this genus distinguishes it from its contemporaries, in that 
both the clavicles (¢/.) and the interclavicle (¢.cl.) are well developed. ‘The inter- 
clavicle is a transversely elongated oval bone, the outer convex borders of which are 
produced into a number of irregular projections; the anterior border is slightly 
concave in the middle line, the posterior nearly straight. ‘The peripheral portions of 
the bone are thin, but in the middle line, especially at about the junction of the 


Text-fig. 76. 





Shoulder-girdle of Tricleidus sceleyi, from above. (Type specimen, R. 3539, + nat. size.) 


cl., clavicles ; cor., coracoid ; é.cl., interclavicle ; sc., scapula ; v.sc., ventral ramus of scapula. 


middle and anterior thirds of the bone, there is a considerable thickening, which 
appears on the inner (visceral) surface as a slight longitudinal elevation, on either side 
of the posterior portion of which the surface is gently concave. These concavities are 
bounded anteriorly by a transverse ridge, against which the inner ends of the clavicles 
(cl.) fit. The ventral face of the interclavicle is gently convex and its surface is 
slightly pitted and roughened, especially towards the periphery, where the bone seems 
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to have a fibrous structure. The clavicles (cl.) are elongated bones, consisting of a 
thickened central axis which at their median ends widens out and bears, both on its 
anterior and posterior margins, thin expansions which fit against the visceral face of 
the anterior part of the interclavicle. The outer ends of the clavicles are not well 
preserved, but probably they terminated in points resting against the anterior borders 
of the scapule as in Cryptocleidus ; the inner ends of the clavicles do not seem to have 
met in the middle line. From the above account it will be seen that in this genus the 
clavicular arch is in many respects intermediate in structure between that of Crypto- 
cleidus and of Murenosaurus. 

The general form of the scapula will be best understood from the figure (text- 
fig. 76, sc.). ‘The ventral bar is large, though not so much expanded as in some species of 
Murenosaurus, e. g. M. platyclis. The symphysis is thickened posteriorly, but thins 
out towards the front, terminating in a point beyond which the median borders of the 
thin anterior portions diverge from one another, leaving a V-shaped notch. ‘This is 
concealed above by the overlying interclavicle, which rests in the depression formed by 
this thin anterior portion of the scapule. ‘The anterior edges of the dorsal rami are 
continued on to the visceral face of the ventral rami as ridges, against the front of 
which the clavicles seem to have fitted; and a roughened surface on the anterior edge 
of the dorsal ramus near its lower end probably marks the point of attachment of the 
outer end of the clavicle. Above this surface the anterior edge of the dorsal ramus 
becomes thin and sharp; the whole is directed strorgly backwards. The posterior 
(articular) arm of the scapula is closely similar to the same part of the Muranosaur 
scapula. 

‘The general form of the coracoid is shown in text-fig. 76. The bone, as a whole, is 
very thin, especially in its posterior median portion. Anteriorly, on a line connecting 
the two glenoid cavities of the conjoined bones, there is a great thickening, especially 
towards the middle line, where the inner surface of the thickened portion bears the 
roughened symphysial facet for the union of the two sides; this symphysis is continued 
forwards between the median prolongations of the coracoids and becomes continuous 
in front with the scapular symphysis; the thin posterior portions of the coracoids 
also unite in the middle line for a considerable distance. ‘The visceral surface of this 
region of the coracoids is deeply concave. The prominent postero-lateral processes 
terminate in a slightly concave surface, showing that in life they were tipped with 
cartilage. ‘The surface for articulation with the scapula is triangular in form and is 
covered with rugosities: the glenoid surface is three-quarters of an oval; it is nearly 
smooth, showing that ossification was complete, as it is found to be in other parts of 
this skeleton, ‘The anterior prolongations of the coracoids for median union with the 
scapule are not quite symmetrical, that on the right side being rather longer than the 
other ; in the shoulder-girdle of the type specimen of Murenosaurus platyclis the same 
peculiarity is noticeable, 
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The fore limb (text-fig. 77) is peculiar in several respects and differs considerably 
from that of Cryptocleidus and of Murenosaurus ; its most striking characteristic is 
that the humerus articulates distally with four bones—three, the radius (7.), ulna (w.), 
and pisiform (p.), being large, the fourth a small postaxial accessory ossicle (@.). 

The humerus (h.) is short and stout; the head is rounded in outline and convex; at 
its upper anterior border it is continuous with the surface of the strongly developed 
tuberosity (/.p.). This is bounded both in front and behind by strong ridges, 
which extend down a little on the shaft; its upper surface is flattened, and a little 


Text-fig. 77. 





Left fore paddle (imperfect) of Tricleidus sceleyi, from above. (Type specimen, R. 3539, about 4 nat. size.) 


a., postaxial accessory ossicle; /., humerus ; int., intermedium ; JU.p., tuberosity ; 
me.V., fifth metacarpal ; p., pisiform ; 7., radius; rad., radiale; u., ulna; uln., ulnare. 


below its upper border there is a well-marked rugosity for the attachment of muscle. 
The stout shaft is oval in section; its anterior border bears a roughened ridge, and the 
upper part of its ventral and ventral-posterior surface is roughened for muscle- 
attachments. Distally the bone is expanded and compressed from above downwards. 
The facet for the radius is the largest, that for the pisiform the smallest; the surface, 


for the accessory ossicle is situated entirely on the postaxial border nearly parallel with 
the long axis of the bone. 
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The radius (r.) is considerably larger than the ulna; it articulates with the 
humerus by a long oblique and nearly straight facet; its outer border is thin and 
rounded, while the inner bears two facets for union with the ulna, one proximal, the 
other distal, the two bones being separated in the middle by a rounded foramen. 
Distally the radius articulates with the radiale by a long facet, and behind this, and 
making an obtuse angle with it, there is a short facet for the intermedium. ‘The 
ulna (w.) has a nearly flat facet for the humerus; anteriorly it unites with the radius 
at its proximal and distal ends, being separated from it in the middle by the foramen 
mentioned above. Distally it joins the intermedium and ulnare, the facets for 
which make with one another an angle a little larger than a right angle; postaxially 
it unites with the pisiform (p.). This bone articulates proximally with the humerus, 
anteriorly with the ulna, and distally with the ulnare; it also has a short facet on its 
posterior border for contact with the accessory ossicle (a.). ‘This is an elongated bone 
which unites by a long facet with the postaxial border of the distal expansion of the 
humerus, and, as above noted, its lower end is in contact with the pisiform. 

The form and arrangement of the carpal bones will be best understood from the 
figure (text-fig. 77). ‘There are three carpals in each row, those in the distal rows 
being small; the fifth metacarpal (mc.V), as usual in these reptiles, articulates with the 
ulnare and has on its preaxial face at the proximal end a facet for contact with the 
third distal carpal. 

The other metacarpals articulate proximally as follows :—metacarpal I. with the first 
distal carpal only ; metacarpal II. with the second carpal; metacarpal III. partly with 
the second and partly with the third carpal; metacarpal IV. with the third carpal 
only, 

Of the pelvis only a pubis is known. This is a broad plate of bone, the length and 
breadth of which are almost equal, in this respect resembling the pubis of Murenosaurus 
rather than that of Cryptocleidus, which is considerably wider than long. ‘The greater 
part of the bone is thin, but it thickens towards the symphysial border, the symphysial 
surface being rather deep, especially towards the front. ‘The articular region is also 
much thickened and bears two subequal facets, one for union with the ischium, the 
other forming the anterior part of the acetabulum; as usual, there is no contact with 
the ilium. ‘The anterior edge of the bone is somewhat irregular in outline, not being 
evenly convex as in some Plesiosaurs; the visceral surface is slightly concave, the 
outer surface flat or slightly convex. 

The femur (Pl. VIII. figs. 4, 4) is a much more slender bone than the humerus, 
but of about the same length. The head (h.) is convex, and the trochanter (tr., fig. 4 a) 
is very strongly developed, its upper surface being continuous with that of the head 
Anteriorly it is bounded by a strong ridge, but the ridge forming its posterior border 
is not so strongly marked. ‘The ventral face of the upper half of the shaft bears a 
much roughened surface (m.r.) for muscle-attachment, and most of the posterior face 


ve 
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of the shaft is likewise rugose. Distally the bone is expanded to a smaller degree than 
the humerus, and so far as is known it articulated with two bones only, the tibia and 
fibula. 

The tibéa (Pl. VIII. fig. 4, ¢.) is somewhat larger than the fibula; its surface for 
union with the femur is gently convex, as also is its preaxial border. Postaxially it 
unites with the fibula at its upper and lower ends, the two bones being separated in 
the middle by a rounded opening; distally it has a long gently concave surface for 
the tibiale, and making an obtuse angle with this a short facet for the intermedium. 

The fibula (Pl. VIIL. fig. 4, f.) has a long straight proximal facet for the humerus ; 
anteriorly it unites proximally and distally with the tibia, distally it unites with the 
intermedium in front, and behind has an oblique facet, which no doubt carried the 
fibulare. The rest of the hind paddle is not known. 


R. 3539 (Leeds Coll. 39). Disarticulated bones of skull (text-figs. 72-75), mandible (Pl. VIII. fig. 1), 
cervical (PI. VIII. fig. 8), pectoral (Pl. VILL. fig. 7), five dorsal (Pl. VIII. figs. 5, 6) and 
two caudal vertebree ; numerous dorsal and ventral ribs ; shoulder-girdle (text-fig. 76), 
including coracoids, seapule, clavicles and interclavicle (Pl. VIII. fig. 8); fore 
paddles (text-fig. 77) (incomplete) ; one pubis; hind paddles (PJ. VIII. fig. 4) 
(incomplete). Type specimen described and figured in Ann. Mag. Nat. Hist. [8] 
vol. iv. (1909) p. 419. 

The dimensions (in centimetres) of this skeleton are :-— 


Skull (text-figs. 72-75): 


Length of basioccipital . . . . eee ee 
Width of basioccipital at lateral processes . . . . . .) 64:2 
A occipital condyle ... = = 2. 4 po 
Length from condyle to anterior end of Set We oe. geo 
Approximate length of pterygoids . . . . .... . 1855 
Extreme length of mandible . . . . . =. 5's § . . 2a0 
Width of articular surface for quadrate. . . . . . . . 24 
Length of symphysis . . . : os 20) ) (APPROX) web. 
Approximate length of crown of eee mandibular tooth . 2-9 
Width at base of largest mandibular tooth . . . . . . 06 
Vertebree Atlas and Second Sixth Twelfth Eighteenth aber First 
(Pl. VIIi. figs. 5-8} a axis. cervical. cervical. cervical. cervical, eee pectoral, Dorsal. 
Length in mid-ventral line. 4:0 23 2:3 2:8 3°0 3°1 34 — 3-7 
Width of anterior face of 
Cent 2 4 ge 5 Pal 2°5 2°8 35 4+] 4-4 5-0 4-9 
Height of anterior face of 
centrum. . . ey! 22 2°3 2°8 oe 3:5 3:8 43 
Height to top of ribo 
Epinereuht gees <b is) oe ces 5:2 57 74 9°7 10°5 13:0 13-7 
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Shoulder-girdle (Pl. VIII. fig. 3; text-fig. 76): total length in 
middle line . yy eee 
Interclavicle: length in middle line 
5 greatest width 
ae » thickness 
Clavicle: anterior width ‘ 
Scapula: length of symphysial surface eae ve 
» from anterior angle to angle at union of pene 
and coracoid surfaces. . . . (approx.) 
width from symphysis to tip of dorsal ramus  (app.) 
5, of glenoid surface . 
Coracoid : greatest length . : 
» Width at hinder angle of eden Sect : 
width at narrowest point 
»» posterior expansion . 
greatest depth of symphysial surface . 
Antero-posterior diameter of coraco-scapular, foramen 
Fore limb (text-fig. 77): 
Humerus: length 
diameter of head . : 
greatest width of upper end 
width of shaft at narrowest 
Fe distal expansion . 
Radius: length of preaxial border . 
»» proximal end 
» distal end . 
Ulna: greatest length . 
» width 
Pisiform: width . 
length 
Pubis: greatest length 
Se WwIdthiere 
depth of symphysis 
length of surface for ischium 
* acetabular surface 
least width of neck 
Hind limb: 
Femur (PI. VIII. fig. 4): 
length en eans 
greatest width at as in end 
width of head. 2. 5 ss 
5 shaft at narrowest 
» distal expansion . : 
Tibia (Pl. VIII. fig. 4): length. . 
width . ote 6 
Pibaleq Pie Villfie.4) s:length «2.29 se abe, 
Width ose sete ole eee 


25°0 
23°0 


Y 2 
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Genus CRYPTOCLEIDUS, Seeley. 
[Proe. Roy. Soe. vol. li. (1892) p. 145, as a subgenus of Murenosaurus. | 


Plesiosaurs in which the skull is relatively small, about a quarter the length of the 
neck in the adult. Neck consisting of about 32 cervical vertebra, the centra of which 
are short, with oval articular faces which are deeply concave, at least in old individuals. 
There are two or three pectoral vertebrae and 21 or 22 dorsals. There seem to have been 
three or four sacrals, the ribs of which are thickened and converge towards their outer 
ends; the number of caudals is uncertain, but probably was about thirty ; the posterior 
caudals diminish in size rapidly. Cervical ribs with single heads, not much flattened, 
and in some cases with a fairly prominent anterior angle. The ventral ribs forming a 
strong plastron, each transverse row consisting of a median and three pairs of lateral 
elements. Shoulder-girdle of the true Elasmosaurian type, the scapule having an 
extensive median symphysis continuous with that of the coracoids. Coracoids with 
prominent postero-lateral processes in the adult. ‘The clavicular arch consisting of two 
triangular clavicles meeting in median symphysis: in some cases with a rudimentary 
interclavicle interposed between them posteriorly (text-fig. 88); the clavicular arch, 
except for its extreme anterior edge, lying entirely on the visceral surface of the ventral 
bar of the scapule in the adult. The humerus greatly expanded distally; radius 
large, with an elongated anterior border, so that the axis of the expanded portion of 
the paddle makes a slight angle with that of the humerus. In the pelvis the pubis 
short in proportion to its width ; the femur not greatly expanded distally. 

Only asingle species of this genus is recognised from the Oxford Clay of Peterborough. 


Cryptocleidus oxoniensis, Phillips, sp. 
[Plates IX. & X.; text-figs. 78-94. | 


1871. Plesiosaurus oxoniensis, Phillips, Geology of Oxford, etc. p. 307. 

1871. Plestosaurus eurymerus, Phillips, op. cit. p. 315. 

1888. Plesiosaurus ovoniensis, Lydekker, Geol. Mag. [3] vol. v. p. 352. 

1889. Cimoliosaurus eurymerus, Lydekker, Catal. Foss. Rept. Brit. Mus. pt. ii. p. 205. 
1889. Cimoliosaurus oxoniensis, Lydekker, tom. cit. p. 209. 

1892. Plesiosaurus durobrivensis, Seeley, Proc. Roy. Soe. vol. li. pp. 182-134 (for young). 
1892. Cimoliosaurus eumerus, Seeley, Proc. Roy. Soe. vol. li. p. 145. 

1892. Cryptocleidus platymerus, Seeley, tom. cit. p. 145. 

1895. Cryptocleidus oxoniensis, Andrews, Ann. Mag. Nat. Hist. [6] vol. xv. p. 335. - 


Type Specimen.—Cervical, dorsal, and caudal vertebre described and figured by 
Phillips in the ‘ Geology of Oxford, etc.,’ pp. 307-309, figs. cxiii—cxv. Phillips also 
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ascribes to this species a shoulder-girdle (figured and described as a pelvis—op. cit. 
p. 810, fig. cxvi.) and a paddle (op. cit. p. 312, fig. exvii.), both of which probably 
belong to a species of Murwnosaurus. 

Phillips, in his original account of the cervical vertebre which must be regarded as 
the type specimens, simply states that they are biconcave with narrow tumid inter- 
foraminal space, while his figures and measurements show that the centra are short ; 
the vertebre figured, however, are not anterior examples as Phillips supposed, but from 
some little distance back in the neck. The dorsals and caudals described are not 
definitely stated to have been associated with the cervicals, and, as above noted, the 
shoulder-girdle and paddle are those of a Murenosaur, consequently the determi- 
nation of the species must rest entirely on the cervical vertebrae. Comparison of these 
with the corresponding vertebree of the commonest type of Plesiosaur from the Oxford 
Clay of Peterborough, shows such similarity of form that both are clearly of the same 
species, and therefore the name Cryptocleidus oxoniensis is applied to them. Lydekker 
employed the name Cimoliosaurus ovoniensis for the smaller individuals of this type, 
while he called the larger C. ewrymerus, a name which had been given by Phillips to a 
large broad paddle from the Oxford Clay of Bedford associated with vertebre similar to 
those of C. oxoniensis. The series of specimens in the Leeds Collection tends to show 
that, as Lydekker himself suggested, these two forms are probably only a single 
species, and that the difference in size and form are merely the result of increased age. 
Since, however, the ossification of the shoulder-girdle is completed while the individual 
is considerably smaller in some cases than in others, it is possible that the difference 
may be a sexual one, as I have already suggested in a paper on the development of 
the shoulder-girdle (Ann. Mag. Nat. Hist. [6] vol. xv. (1895) p. 3833). The differences 
in the form of the limb-bones which led Professor Seeley to establish his species 
Cryptocleidus platymerus for a specimen (Leeds Coll., R, 2412) in this collection, are 
probably due entirely to the advanced state of ossification that had been reached in 
this case. 

One of the most important points about this species is, that remains of individuals 
of all ages are common in the Peterborough deposits, and are easily distinguished 
from the other forms. From these specimens it has been possible to make out the 
history of the development of several parts of the skeleton, notably that of the 
shoulder-girdle (see Ann. Mag. Nat. Hist. [6] vol. xv. (1895) p. 333). 

The description of the skeleton given below is founded mainly on the almost perfect 
adult skeleton (R, 2860) which has been mounted in the Gallery of Fossil Reotiles ; 
reference will also be made to other specimens, especially to the mounted skeleton of 
a young individual (R. 2417), a brief account of which has been published in the 
Geological Magazine (1895), p. 241. 

Skull (Pi. 1X.).—The skull, so far as known, is very similar in its structure to 
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that of Murenosaurus, and will be described mainly by pointing out such differences 
as occur. Unfortunately the material available for description is very imperfect, all 
the specimens being much crushed and wanting many important parts. 

The bastoccipital (b.0c., Pl. IX. figs. 1, 2, 4, 5) is closely similar to that of Mureno- 
saurus, as will be seen from the figures. ‘The occipital condyle is perhaps a little 
broader in proportion to its height, and its articular surface is continued quite up to 
the facet for the exoccipital, there being no trace of a neck to the condyle such as is 
seen in most specimens of the basioccipital of Murenosaurus; the basipterygoid 
(lateral) processes (pt.p.) are a little more rounded in section than in that genus. 

The basisphenoid (b.sp., Pl. IX. figs. 2, 5) does not differ in any important respects 
from that of Murenosaurus or Tricleidus. The facet marked f/f. in text-fig. 73, A, is here 
very well developed, and probably received the anterior lower angle of the pro-otic. ‘The 
ventral face is extensively overlapped by the parasphenoid in the usual way. In the 
young skull (Pl. IX. fig. 5) the basisphenoid shows evidence of its original ossification 
from two centres, since it is deeply notched posteriorly in the middle line and there 
is also a large vacuity beneath the pituitary fossa. This opening corresponds to the 
original space between the trabecule, through which the pituitary body was connected 
with the pharynx; possibly, even in the young, it was partly closed by the posterior 
end of the parasphenoid, and it corresponds in position to the pit occurring in some 
specimens of the basisphenoid of Murenosaurus (see Pl. III. fig. 1). 

The structure of the evoccipital-opisthotic (ex.op., Pl. IX. figs. 1, la, 4, 4a) differs 
very little from that seen in Murenosaurus ; the paroccipital process is rather shorter, 
and in the oldest specimen available for comparison (R. 2860) the fosse for the 
ampulla of the posterior vertical semicircular canal and for the canals themselves are 
larger and more open (see Pl. IX. fig. 1). In the young specimen (R. 2417) the 
exoccipital and opisthotic are united above the jugular foramen (juq.), their line of 
union being still clearly visible ; but below that opening they are still separate (Pl. IX. 
fig. 4), each terminating in a distinct facet for union with the basioccipital. In this 
specimen also the posterior face of each exoccipital bears a small facet (f.) somewhat 
resembling a zygapophysis; this probably indicates that a well-developed pro-atlas 
was present, since the form of the neural arch of the atlas is such that there certainly 
was no point of contact between it and the exoccipitals. The supraoccipital (soc.) is a 
high arch curving forwards, the occipital surface being concave from above downwards 
and continuous with the posterior face of the postero-lateral processes of the parietals 
(Pl. IX. fig. 1a). In front the supraoccipital bears a facet looking downwards and 
forwards for union with the pro-otic, and the inner side of this surface is deeply 
channelled for the reception of the upper portion of the posterior vertical semicircular 
canal (p.v.c.). Between the pro-otic facet and the junction with the parietal the 


border of the supraoccipital is sharp and concave, and clearly did not unite with any 
other element. 
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The parietals ( par.) widen out posteriorly into lateral processes, on which are the 
sutural surfaces overlapped by the upper ends of the dorsal processes of the squamosals 
(sq.1), which in this genus do not appear to have met in the middle line, so that the 
actual vertex of the skull is formed by the parietals alone. In front of the lateral 
process the united parietals rise into a high sagittal crest, widening out again at the 
pineal foramen, of which they form, at least the greater part of and possibly all, the 
margin, From an examination of this region in the young skull it seems probable 
that the parietals completely surround the pineal foramen at its inner (cranial) end, 
while on the outer surface of the skull a portion of its anterior margin may be formed 
by the overlapping frontals. In front of the pineal foramen the fronta/s widen out 
considerably and unite at their outer ends with the postfrontals; in front of this they 
form the roof of the orbit, but their relations with the bones further forwards is 
unknown, all the specimens being very imperfect in the rostral region. 

The squamosal is of the usual triradiate form (Pl. IX. fig. 3); the slender dorsal 
rami (sq.') run up to the lateral processes of the parietals, with which they unite, over- 
lapping them on the upper and probably also on the lower surface, but not meeting 
one another in the middle line. Judging from the appearance of this portion of the 
squamosal in the young specimen, it seems possible that it may have originally ossified 
from.a distinct centre and may therefore represent a supratemporal. The ventral ramus 
unites closely with the quadrate, down the outer side of which it sends a long process. 
The anterior (zygomatic) ramus (sqg.) is thin and broad; its upper border is strongly 
convex, the lower concave; anteriorly it bears a sutural surface for union with the 
jugal and presumably also with the postorbital. 

The quadrate (q.) is a large bone; its anterior face is concave from side to side, its 
posterior face convex or flat. The upper end is embraced by the squamosal, while at 
its lower end it bears the broad articular surface for the mandible. ‘his surface is 
convex from before backwards, and is imperfectly divided into a larger outer and a smaller 
inner convexity. There is no trace of any division of this bone into two elements. ‘The 
premaaille seem to have borne six teeth each; the muzzle was probably rather more 
pointed than in Murenosaurus. 

The mandible (Pl. 1X. figs. 6, 7) is somewhat more slenderly built than in Murceno- 
saurus, and the symphysis (sym.) seems to have been somewhat shorter, otherwise the 
structure is similar. There is no trace of any division between the articular and 
surangular, even in the youngest specimens. The postarticular region is relatively 
smaller and especially shorter than in A/urenosaurus. ‘There are 25 or 26 teeth on 
either side. 

The teeth (Pl. IX. fig. 7) are long, slender, and very sharply pointed; the enamel is 
smooth, except for a few fine ridges confined to the lower part of the inner side cf the 
crown. In Murenosaurus (P\. II. figs. 4-6), on the other hand, the whole of the 
crown except the tip is covered with fine longitudinal ridges; on the anterior and 
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the posterior side there is a main ridge, more prominent than the rest and continuous 
almost to the top of the crown, forming in some cases a very slightly marked keel. 
The rest of the surface (Pl. III. fig. 4 a) is covered with fine ridges of varying length, 
running in a generally longitudinal direction and often anastomosing. ‘The crown is 
circular or nearly circular in section throughout its length ; in Cryptocleidus the crown 
is sometimes slightly compressed, so that in section it is oval. 

The roots of the teeth in both genera are very long and circular in section ; their 
surface is smooth and the pulp-cavity is large. 

Vertebral Column.—The atlas and axis (text-fig. 78) are very similar in structure to 
those of Murenosaurus, but differ in some details. Asin the case of the other cervicals, 
the centra of these vertebre, particularly that of the axis, are shorter than in Mureno- 
saurus. In the formation of the cup for the occipital condyle the bases of the 
lateral pieces of the neural arch of the atlas (at.a.) take a somewhat greater share than 
in the other genus, but they are still separated by a considerable interval from the sub- 
vertebral wedge-bone (a.w.b.) which constitutes the lower fourth of the cup. As in 
Murenosaurus, the lateral pieces of the neural arch do not unite above, but run back 
and articulate with the anterior zygapophyses of the axis; from the presence of a pair 
of peculiar facets on the exoccipitals in the young specimen (Pl. IX. fig. 4a, f.), it 
seems probable that a pro-atlas was present, but whether single or paired there is no 
means of ascertaining. In the axis the neural arch (aa.a.) is lower than in Mureno- 
saurus, and there is not so well-developed a neural spine; on either side of the base 
of the neural spine there is a strong ridge, not present in the other genus. The 
posterior zygapophyses (p.z.) are very large, and project a long way behind the level of 
the posterior face of the centrum ; their facets are flat and look outwards and down- 
wards. ‘The posterior face of the centrum is concave in the middle with a raised and 
convex outer portion; it is considerably wider than high. ‘The facet (r.1f.) for the rib 
of the atlas is much larger than in Murenosaurus, and its antero-inferior portion is 
borne by the subvertebral wedge-bone. ‘The rib of the axis (7.7) is larger than that of 
the atlas; the facets for these two ribs are confluent. ‘The subvertebral wedge-bone 
(a.w.b.) bears a strongly developed hypapophysial ridge (y.r.), which forms a distinct 
anterior prominence not seen in Murwnosaurus; the ridge only extends backwards on 
to the anterior portion of the centrum of the axis. In the young specimen (text- 
fig. 78, A, B) in which the constituent elements of the atlas-axis are still separable, 
there is no trace of the presence of a second subvertebral wedge-bone. In addition 
to the atlas and axis there are thirty other cervical vertebre. Of these the centra 
are much shorter than in J/urenosaurus, and their articular ends are strongly concave 
in the middle with rounded margins; in outline they are transversely oval, the upper 
border beneath the neural canal being a little concave. ‘The ventral face of the centra 
is gently concave from before backwards and also from side to side, with the exception 
of the longitudinal ridge between the pair of nutritive foramina. Above the rib- 
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facets the sides of the centra are flat or slightly concave. The neural arches occupy 
nearly the whole length of the centra. They bear very strongly developed anterior 
and posterior zygapophyses, the facets of which are nearly flat in the anterior part of 
the neck, but further back become somewhat concave and convex respectively from 
side to side. In the anterior cervical vertebre the anterior and posterior zygapophyses 
‘are connected by a ridge which disappears on the posterior part of the neck. ‘The 


Text-fig. 78. 


sit 





Atlas and axis of Cryptocleidus oxoniensis: A, from right side; B, from front of a young specimen 
(R. 2417, nat. size); C, from right side; and D, from front of an older specimen (R. 2860, nat. 
size). 

at.a., arch of atlas; a.w.b., anterior wedge-bone ; aa.a., arch of axis; hy.r., hypapophysial ridge ; r.?, rib 


of axis; v.\f., facet for rib of atlas; od., odontoid (centrum of atlas); p.z., posterior zygapophysis of 
axis. 


Z 
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neural arches, like the centra, are much shorter from before back than in J/ureno- 
saurus, and the neural spines seem never to have attained the height found in the 
posterior cervicals of some species of that genus. The facets for the cervical ribs 
are about as deep as long. In the anterior part of the neck they occupy nearly 
the whole length of the centrum, but further back are separated from the anterior 
border by a short interval. ‘The cervical ribs are somewhat compressed from above 
downwards, and in some individuals in which ossification is very far advanced 


Text-fig. 79. 
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Anterior cervical vertebre of Cryptocleidus oxoniensis: A and C, from front ; 
B and D, from left side. (R. 2412, 2 nat. size.) 


.z., anterior zygapophysis ; c.7., cervical rib; 7.c., neural canal ; 
7,8., neural spine ; p.z., posterior zygapophysis. 


(e. g., R. 2862) they have a well-marked anterior angle; this is wanting in the nearly 
adult mounted specimen (R. 2860), in which the neural arches are fused with the 
centra throughout the column except in the posterior caudals, while the cervical and 
caudal ribs are free throughout. In the young skeleton (R. 2417) none of the arches 
and ribs are fused with the centra, and the cartilage-covered surfaces for the neura 
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Text-fig. 80. 
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Posterior cervical vertebra of Cryptocleidus oxoniensis: A, from front ; 
B, from left side. (R. 2412, 4 nat. size.) 


a.z., anterior zygapophysis ; ¢.7., cervical rib; .c., neural canal ; 








n.s., neural spine; p.z., posterior zygapophysis. 


Text-fig. 81. 








~ Middle dorsal vertebra of Cryptocleidus ovoniensis: A, from front; B, from left side. 
(R. 2418, 3 nat. size.) 
a.z., anterior zygapophysis; %.c., neural canal; n.s., neural spine ; p.z., posterior zygapophysis ; 


rf. facet for rib; t.p., transverse process. 
z2 
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pedicles are continuous with those for the cervical ribs. The neural spines are short 
and thickened ; their summits were evidently cartilaginous. There are two pectoral 
vertebra, in which the articulation for the rib passes from the centrum to the arch ; 
their centra assume a more circular outline, passing into the form of the dorsal centra 
(text-figs. 81, 82), the vertical diameter of which is approximately equal to the transverse. 
At the same time the articular ends are less concave and the rounded rim disappears ; 
the nutritive foramina pass on to the sides of the centra. ‘There are 22. dorsals, 
the neural arches of which bear transverse processes ; these increase in length and 
rise on the arch in the first seven or eight dorsals, while in the posterior five or six, 
on the other hand, they descend and shorten (text-fig. 82). In the middle of the back 
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Posterior dorsal vertebra of Cryptocleidus owoniensis: A, from front; B, from left side. 
(R. 2418, 3 nat. size.) 
a.z., anterior zygapophysis ; 7.c., neural canal; n.s., neural spine ; p.z., posterior zygapophysis ; 
r.f., facet for rib; t.p., transverse process, 


they are moderately long and curved, the concavity being downwards. ‘The neural 
spines on the dorsal region are shorter and narrower than in Murenosaurus ; in the 
young animal they are stout, but much shorter than in the hinder part of the neck. 
The zygapophyses in the anterior part of the neck are larger, and look more directly 
upwards and downwards than in the posterior portion. ‘There seem to have been four 
sacral vertebrae (text-fig. 83), each bearing a pair of stout ribs (s.7.), which articulate 
partly on the arch and partly on the centrum and are enlarged distally (s.f.) ; whether 
or not they actuaily joined the ilium is uncertain, but from the presence of deep 
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roughened pits on the inner face of the upper end of the ilia in very old individuals 


it seems possible that they did so, at least in advanced life. ‘Che centra in the sacrals 
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Sacral vertebra of Cryptocleidus owoniensis: A, from front; B, from below. (R. 2412, 4 nat. size.) 


n.c., neural canal; s,f., facet for ilium ; s.r., sacral rib. 


Text-fig. 84. 





Anterior caudal vertebra of Cryptocletdus oxoniensis: A, from behind ; B, from left side. 
(R, 2412, 3 nat. size.) 


c.f., facet for chevron-bone ; ¢.r., caudal rib ; ”.c., neural canal ; 7.s., neural spine ; p.z., posterior zygapophysis 


become slightly depressed, and pass posteriorly into the transversely oval centra of the 
anterior caudals (text-fig. 84). In the sacral region the neural spines begin to decrease 
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in height, the decrease continuing to the end of the tail. The zygapophyses are well 
developed, somewhat concave (or convex) from side to side, and looking more inwards 
(or outwards) than further forwards. In the caudal region (text-figs. 84, 85) the centra, 
as already mentioned, are wider than deep; laterally, at least in the young, they bear 
prominent facets for union with the caudal ribs, which in the adult become joined to the 
centra. These ribs are compressed from above downwards, and alittle behind the middle 
of the tail some are considerably expanded towards their outer ends; in all there is a 
tendency to curve backwards. ‘The facets for the chevrons commence on the second 
or third caudal; at first they are confined to the hinder part of the centrum, where 
they form a pair of projections truncated by a flat nearly circular surface looking 
downwards and backwards. Further back (text-fig. 85) these facets. are on both the 
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Posterior caudal vertebrae of Cryptocleidus oxoniensis: A, end of caudal series from left side ; 


B and C, posterior caudal vertebre from below. (R. 3705, 3 nat. size.) 


c.f., facet for chevron-bone; ¢.7., caudal rib; 7.a., neural arch. 


anterior and posterior edges of the centra, the heads of the chevrons articulating 
between the successive centra ; the posterior facet is the larger. The neural arches 
on the caudal region decrease in height gradually from before backwards; the zyga- 
pophyses disappear about the middle of the tail; the arches of the caudal vertebre are 
the last to fuse with the centra, and the fusion takes place from before backwards. 

The chevrons are not well known ; in the young they are little rounded rods of bone 
with a slightly expanded vertebral extremity. 

The cervical, sacral, and caudal ribs have already been referred to. The dorsal ribs 
are thickened and oval in section towards their articular-ends, which terminate in a 
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nearly flat oval facet for the transverse process. External to this proximal thickening 
they are somewhat compressed from before backwards, and their upper edge bears a 
sharp ridge which terminates externally in a slightly backwardly deflected crest. 
' External to this again thé ribs are nearly circular in section; they become very 
little thinner towards their lower end, which terminates in a flat or slightly concave 
surface probably tipped with cartilage in life. 

The ventral ribs (text-fig. 86) form a close plastron consisting of eight or nine 
transverse rows of bones, each consisting of a median element (1) and three lateral 
pairs (2, 3, 4), besides two posterior rows in which the median element is wanting. 


Text-fig. 86, 





Ventral view of plastron of ventral ribs of Cryptocleidus owoniensis. (R. 2862, 1 nat. size.) 


pu., pubis; p.v., forked end of posterior ventral rib; pu.sym., symphysis of pubis ; 
1, 2, 3, 4, median and three lateral ribs of a transverse series. 


The median bone of a row is oval or circular in section in its middle portion, 
which is often much thickened; towards the outer ends the bone thins down toa 
point, and its anterior face at either end bears a flattened facet for union with the 
inner end of the first lateral rib. This is pointed at both ends and forms a very open 
S-shaped curve; its inner end bears on its posterior face a surface for the overlap 
upon the median bone, while its outer end has on its anterior surface a facet for the 
reception of the inner end of the second lateral rib. This latter is similar to the first, 
and the third differs only in wanting the outer facet, the outer half being rounded or 
oval in section and terminating in a point. ‘There is no trace of any connection 
with the true ribs. The two hinder rows differ from the others in not possessing 4 
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median element. In the anterior of the two the inner ends of the inner pair of lateral 
bones turn sharply forwards, and their extremities are closely adherent to the median 
bone of the row in front. The inner ends of the inner elements of the hindmost 
row are forked; what other lateral elements were present in this row is not known. 
This posterior row (p.7.) in the specimen figured seems to have actually underlain 
the anterior end of the pubis (pu.), but this may be the consequence of displacement 


Text-fig. 87. 





Adult shoulder-girdle of Cryptocleidus oxoniensis, from above. (R. 2616, about } nat. size.) 


cl., clavicle ; cor., coracoid ; gl., glenoid cavity ; sc., scapula. 


resulting from the flattening out of the carcass. The whole ventral surface of the 
body seems to have been very strongly protected, by the expanded scapule and coracoids 
in front, the plastron of ventral ribs in the middle, and the plate-like pubes and ischia 
behind. 

Shoulder-girdle (Pl. X. figs. 1, 2; text-figs. 87-89)—This has been described in 
some detail in the Annals and Magazine of Natural History, [6] vol. xv. (1895) p. 333, 
and the following account is largely founded on the one there given. 
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The scapule (sc., Pl. X. figs. 1, 1a, 16, 1¢; text-figs. 87-89) are, as usual in the 
group, triradiate bones, consisting of a backwardly directed bar carrying the articular 
surfaces for the coracoid and humerus, an upwardly directed process (d.sc.), and a ventral 
ramus (v.sc.), which in the adult extends forwards and inwards to the middle line, 
where it unites in symphysis with its fellow of the opposite side. 

The following description of the scapula is based mainly on the adult shoulder-girdle 
(R. 2616) figured on Pl. X. and in text-fig. 87 :— 

The posterior bar is triangular in section; its inner edge, forming the outer border of 
the coraco-scapular foramen, is sharp, thickening a little as it approaches the coracoidal 
surface ; its upper outer border is rounded and passes above into the hinder border of 
the dorsal ramus or blade. The lower outer border rises into a rough ridge about 2 cm. 
from the glenoid surface and then runs forwards and outwards, forming on the outer 
face of the bone the boundary between ventral and lateral regions of the outer and 
ventral surfaces; anteriorly it terminates in a strong outwardly directed tubercle 
having a smooth facet on its summit. The glenoid surface and that for union with 
the coracoid are at right angles with one another, the line of junction being slightly 
concave and about 6°5 cm. in length. The form of the glenoid surface is that of half a 
rather irregular oval, measuring about 6°5 cm. from the middle of its line of union with 
the glenoid surface of the coracoid to the top of the curve. The surface for union 
with the coracoid is an isosceles triangle, the sides of which are slightly convex and 
measure 8°2 cm. in length: the base is the line of union with the glenoid surface. 
This latter is nearly smooth, while the coracoidal surface is greatly roughened by the 
presence of irregular pits and ridges. 

The dorsal ramus of the scapula (d.sc.) is compressed from within outwards and is 
between 4 and 5 cm. wide at its summit, which is occupied by a rough depressed 
surface to which, in life, probably a small suprascapular cartilage was attached. ‘The 
anterior border of this ramus, especially on its lower portion, is greatly roughened, 
probably for the attachment of muscles above, and at its lower end for union with the 
roughened facet on the outer angle of the clavicle. 

The ventral ramus (v.sc.) is the largest and most important part of the scapula, at 
least in the adult; its anterior border is a continuation of the anterior edge of the 
dorsal ramus; it is at first rounded and concave as far as the prominent tubercle 
referred to above, then it becomes relatively sharp and thin, running inwards and 
forwards to the middle line, where by a sharp curve it passes into the median border 
with which it makes an angle of about 45°. The posterior border of this region of the 
scapula forms the anterior and half the inner edge of the coraco-scapular foramen ; it 
increases in thickness from without inwards and then backwards to the point of union 
with the anterior prolongation of the coracoid (Pl. X. fig. 1c), the surface for union 
with which is nearly semicircular and at right angles to the median symphysis. This 
latter (sym.), occupying the inner face of the thickened posterior prolongation of the 
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ventral ramus, forms a nearly rectangular surface about 7-8 cm. long and 5 cm. deep ; 
its antero-dorsal angle is rounded, while its antero-ventral angle is prolonged forwards 
as the inner edge of the thin anterior region of the scapula. ‘The symphysial surface 
is deeply pitted and grooved by channels, which seem to have communicated with the 
exterior by a foramen situated on the upper surface at the middle of the symphysis. 
The outer surface of the ventral ramus of the scapula is nearly flat, but the visceral 
(upper) surface is divided into the raised and thickened symphysial region behind and 
the thin depressed anterior area which supports the clavicle, the two being separated 
by the ridge against which the hinder edge of the clavicle rests. In this thin anterior 
region the two scapula do not actually meet in the median line, but are separated by a 
narrow V-shaped interval, covered by the inner borders of the overlying clavicles; it is 
possible that this interval was filled by cartilage and that in advanced age the scapular 
symphysis was prolonged to the extreme anterior end. 

The clavicles (cl., Pl. X. figs. 1, 2; text-figs. 87-89) are in the form of scalene 
triangles. The outer and posterior borders meet in an acute angle and the posterior 
border is sometimes concave. The lower surface of the outer angle bears a roughened 
facet (s.se.), which fits against a corresponding rugosity on the anterior edge of the 
scapula and no doubt united closely with it. This union of the outer ends of the 
clavicles with the anterior borders of the scapulz is a point of considerable interest, 
since it is probably a remnant of the original condition seen in the Nothosauride (text- 
fig. 61 B, p. 108), in which the clavicular arch stretches from one scapula to the other, 
the ventral plates of these bones being still widely separated, as, indeed, they are in the 
young shoulder-girdle of Cryptocleidus (see below). ‘The outer border is nearly straight 
and is thin and sharp, and is usually turned a little downwards so as to fit closely 
against the anterior edge of the scapula. The inner (median) borders (sym.) of the 
clavicles are thickened and meet in the middle line at least in the anterior third. 
Behind this there is a notch on each clavicle, which in a former paper was described as 
showing either that a blood-vessel passed between the two bones at this point or thata 
rudimentary interclavicle was present. ‘The latter explanation seems to be the correct 
one, though it is by no means sure that this element always ossified. In the specimen 
figured on Pl. X. fig. 2 the notch is well developed, but the clavicles behind it seem to 
have met in the middle line, so that the interclavicle, if present at all, must have been 
very small. In the specimen shown in text-fig. 88, on the other hand, there is a distinct 
interclavicle, the anterior slightly forked end of which fits into the notches in the 
clavicles, while its thin posterior prolongation lies between them in the middle line for 
the posterior two-thirds of their length. The occurrence of this rudimentary interclavicle 
in Cryptocleidus, like the existence of rudimentary clavicles in Murwnosaurus, shows 
that both these genera were probably derived from some form in which, as in Tricleidus, 
both clavicles and interclavicles were well developed. 

The coracoids (cor., P]. X. fig. 1; text-figs. 87-89) are very large, and, so far as concerns 
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their anterior region, massive bones. ‘Their form will be best understood by reference 
to the figures. The anterior median prolongations of the coracoids towards the scapulee 
are almost semicircular in section, the diameter of the semicircle being represented by 
the symphysial face. This portion of the bones forms a marked projection below the 
rest of the ventral face (Pl. X. figs. 14, 1c). Behind the scapular processes the 
concave anterior border of each bone is thin and sharp, forming the hinder boundary of 


Text-fig. 88, 





Adult shoulder-girdle of (?) Cryptocleidus oxoniensis, showing the rudimentary interclavicle : 
A, from above ; B, clavicles and interclavicle from below (outer surface). (R. 3538, about 4 nat. size.) 


cl., clavicle ; cor., coracoid ; gl., glenoid cavity ; 7.cl., interclavicle ; sc., scapula. 


the coraco-scapular foramen. External to this the bone is greatly thickened and bears 
the facets for the scapula and the glenoid surface, these making an angle of about 135° 
with one another: the scapular facet is triangular and is greatly roughened by pits and 


ridges ; the glenoid facet is half an oval, the short diameter being the line of junction 
pee, 
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with the scapular facet, its surface is gently concave and nearly smooth. Internal to 
these facets the bone is greatly thickened to the median symphysis, the form of which 
is shown on Pl. X. fig. le. Behind this the bone thins greatly, especially towards the 
median line, and the straight symphysis is only interrupted at about a third of its length 
from the hinder end by a small foramen ( for.) which is present in several specimens 
examined and probably transmitted a blood-vessel. ‘The lateral borders, which 
are deeply concave, are somewhat thickened and terminate posteriorly in the postero- 
lateral processes (p.é.p), which in adult individuals in this genus are strongly developed, 
and project outwards and backwards; they terminate in an oval concave surface, which 
was no doubt capped with cartilage during the life of the animal, and this cartilage 


Text-fig. 89, 





Immature shoulder-girdles of Cryptocleidus oxvoniensis: A, a very young specimen with clavicles 
restored (R. 2416); B, an older example. (About + nat. size.) 


el., clavicle ; cor., coracoid; gl., glenoid cavity ; sc., scapula. 


was continuous with the fringe of that substance which continued backwards the some- 
what irregular posterior borders of the bones. The visceral surface of the united 
coracoids is concaye from side to side, and, though slightly convex from before backwards 
in the region of the symphysial thickening, is strongly concave in that direction in its 
posterior two-thirds. . 

The above description refers to the shoulder-girdle of old individuals in which 
ossification is in an advanced condition. Fortunately the Leeds Collection contains 
shoulder-girdles of individuals of various ages, so that it has been possible to give an 
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account * of the development of this part of the skeleton, and a short description of 
the growth-changes is appended. 

In the young shoulder-girdle (text-fig. 89, A) the scapula is already triradiate in 
form, but the dorsal and, more particularly, the ventral rami are very imperfectly 
developed. ‘The two bones did not meet in the middle line, and there is yet no trace 
of the extension backwards of the ventral rami to meet the anterior prolongations of 
the coracoids. ‘The clavicles articulate by their outer ends with the anterior border of 
the scapule and meet in a median symphysis, the structure at this stage being essentially 
the same as in the primitive Sauropterygia. The ventral surface of the clavicles was 
exposed, the scapule, or at least their ossified portion, not yet extending beneath them. 
In the successively later stages the ventral rami of the scapule grow inwards and 
forwards beneath the clavicles and at the same time are gradually prolonged backwards 
in the middle line towards the gradually developing anterior median prolongations of 
the coracoids (text-fig. 89, B). Finally, the condition described above is attained, the 
scapule extending almost completely beneath the clavicles and meeting in a median 
symphysis, which through the backward continuation of the bone becomes continuous 
with the symphysis of the coracoids, the coraco-scapular foramina being completely 
separated from one another (text-fig. 87). 

In the coracoids the chief growth-changes that take place are the prolongation 
forwards in the middle line to join the scapule, and the formation of the prominent 
postero-lateral processes (P1. X. figs. 1 a, 10, p.e.p.; text-figs. 87,88). As has already 
been pointed out, the prolongation inwards of the scapule beneath the clavicular arch 
causes the latter to become functionally unimportant or useless, and consequently in the 
family Elasmosauride it is extremely variable in form and is met with in all stages of 
reduction. 

Fore Limb.—The fore paddle (text-figs. 90, 91 A) is chiefly remarkable for the great 
expansion of the distal end of the humerus in the adult: in the young this charac- 
teristic is not seen and only develops with advancing ossification (text-figs. 90, A—C). 
The head of the humerus is strongly convex in full-grown individuals, and its roughened 
surface shows that it was capped with cartilage. ‘The tuberosity (¢w.) is strongly 
developed and forms a quadrate prominence on the postero-superior surface at the 
upper end of the bone; its upper cartilage-covered surface is continuous with that of 
the head of the bone, or in individuals of advanced age separated from it by a 
slight concavity. The anterior border of the tuberosity is continued down as a strong 
ridge on the upper part of the shaft, while the posterior border forms a prominent angle 
continuous below with the posterior border of the shaft. The shaft is oval in section 
and increases gradually in width towards the distal expansion ; its postaxial border 


* “On the Development of the Shoulder-girdle of a Plesiosaur (Cryptocleidus ovoniensis, Phillips, sp.),” 
Ann. Mag. Nat. Hist. [6] vol. xv. 1895, p. 333. 
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bears a roughened surface for muscle-attachment, and its ventral surface towards its 
upper end is likewise roughened (text-fig. 90, C, m.r.). The great distal expansion 
bears two large facets for union with the radius and ulna: of these surfaces that for the 
radius is the larger and is slightly concave, while that for the ulna is usually straight or 
very gently concave; the two make a very obtuse angle with one another. In some 
cases there may have been a small postaxial accessory ossicle articulating with the 
humerus. 

The radius (r., text-figs. 90, 91) is very large and of peculiar form: this shape being 
already marked at a very early age (text-fig. 90, A, B) is of considerable value in 
determining as belonging to this genus very young individuals in which most of the 


Text-fig. 90. 





Proximal portions of fore paddles of Cryptocleidus owoniensis: A, left fore paddle of very young individual 
(R. 2417, 4 nat. size); B, left fore paddle of older individual (R. 2416, 1 nat. size); ©, right 
fore paddle (ventral face) in which ossification is complete (R. 2412, 4 nat. size). In A the carpals 
are not in place. 


a.o., accessory ossicle; h., head of humerus; hum., humerus ; int., intermedium ; me. V., fifth metacarpal ; 
m.., ridges for muscle-insertion ; 7., radius ; rad., radiale; w., ulna; uln., ulnare; tu., tuberosity of 
humerus. 


other characteristics are not yet developed. Inthe adult the humeral border is slightly 
convex ; its outer (preaxial) border is greatly elongated, convex above and concave below. 
The ulnar border is short and straight or slightly concave, while the distal border is 
also slightly concave and articulated with the radiale, with, in some cases, a short 
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surface of contact with the intermedium. In one case (a.0., text-fig. 91, A) it articulated 
externally by a short facet with a peculiar phalange-like bone lying on the preaxial 
side of the radiale (?a prepollex). 

The wna is much smaller than the radius; its humeral facet is gently convex, its 
inner (radial) surface is likewise convex, while distally it bears two flat facets making 
an obtuse angle with one another, for the intermedium and ulnare. 

The proximal row of carpals consists essentially of the radiale, intermedium, and 
ulnare, but in many specimens there is a tendency to develop accessory ossicles on the 
preaxial or postaxial border or on both, and there is considerable variation in the form 
and manner of development of these accessory ossicles. In some cases it seems as if 
the increased width of the radiale and ulnare, consequent upon the expansion of the 
paddle, led to a tendency to ossify from more than one centre, and this may bring about 
the total or partial separation of the preaxial portion of the radiale and the postaxial 
part of the ulnare (text-fig. 90, C); often there is a want of symmetry in the paddles of 
opposite sides. In some cases it seems as if instead of a separation of the ulnare 
into two elements there has been a fusion with an originally distinct element 
(text-fig. 91, A, a.o.) corresponding to the bone called the pisiform in some of the 
paddles described above (e. g., Tricleidus, text-fig. 77, p. 160). The intermedium 
articulates mainly with the ulna, the facet for the radius being small and perhaps in 
some cases absent. 

The distal carpals are three in number, the first (preaxial) articulating with the 
radiale (and anterior accessory ossicle if present), the second with the radiale and 
intermedium, the third (postaxial} with the intermedium and ulnare, while its postaxial 
border may have a facet at its proximal end for contact with the fifth metacarpal (text- 
fig. 91, A), which, as usual, articulates directly with the ulnare. ‘The first metacarpal, 
which is flattened like the carpals, articulates only with the first distal carpal ; 
the second metacarpal, which is cylindrical, with the second carpal; the third has 
two facets, one for the second the other for the third carpal, with which also the 
fourth metacarpal articulates ; the fifth metacarpal has already been referred to. 
The phalanges are cylindrical and somewhat constricted in the middle; the faces 
by which they articulate with one another are nearly flat. ‘The number of phalanges 
in the different digits is not known. 

Pelvis (Pl. X. figs. 3, 3a, 50; text-fig. 92).—The structure of the pelvis in this 
species has been described in some detail in Geol. Mag. [4] vol. iil. p. 145. It is 
composed of the usual three pairs of bones. The pubis (pu., Pl. X. figs. 3, 3a, 3 0) is 
relatively much wider from side to side and shorter from before backwards than is the 
case with the pubis of Murenosaurus (cf. text-fig. 65, p. 116). The anterior convex 
border is thin, except at its outer angle, where it is thickened and produced into a 
short process (a.é.a), separated by a notch from the median part of the border. This 
antero-external process of the pubis is also present in J/urenosaurus, though less 
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prominent ; it has been suggested that it may be homologous with the lateral process 
of the Chelonian pubis. 

The symphysial surface (Pl. X. fig. 3 6) is deeper and at the same time shorter than 
in Murenosaurus; its form will be best understood from the figure. The curvature 
of the symphysial border shows that even when ossification was far advanced, as in the 
specimen figured, the actual contact of the two bones, if present at all, must have been 
short, they being separated anteriorly and posteriorly with wedges of cartilage: the 


Text-fig. 91. 








Proximal portions of fore and hind paddles of Cryptocleidus oxoniensis: A, right fore paddle 
(upper surface) ; B, left hind paddle (upper surface). (R. 2860, about + nat. size.) 


a.0., accessory ossicle; f., fibula; fem., femur; fid., fibulare; h., head of humerus and femur ; Awm., humerus ; 
int., intermedium ; me.V., fifth metacarpal; mt.V., fifth metatarsal; r., radius ; rad., radiale; t., tibia ; 
tib., tibiale; tr., trochanter of femur ; tw., tuberosity of humerus; u., ulna; wln., ulnare, 


anterior cartilage was probably small and continuous with the cartilage bordering the 
front of the pubis; the posterior cartilage, on the other hand, was thick and probably 
was continuous with that uniting the symphysial surfaces of the ischia, thus completely 
separating the foramina obturatoria from one another. 
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The outer and posterior borders are both concave, thickening towards the massive 
articular region. ‘This bears two facets, that for the ischium being nearly semicircular, 
and the diameter of the semicircle forming the line of division between it and the 
acetabular surface. ‘This latter makes an angle of about 145° with the ischial surface 
and is slightly concave; there is no contact between the pubis and ilium. 

The ischium (isc.) is of the usual hatchet-head form. The anterior portion of its 
symphysial border is thickened and bears a deep symphysial surface (Pl. X. fig. 3 8), 
behind which it thins rapidly, thickening again a little towards its posterior angle. 
The ischial symphysial surface was separated in front by a pad of cartilage, which, as 
already mentioned, was probably continuous with that between the pubes; probably 
there was also a small posterior cartilage. ‘The neck of the ischium is comparatively 
narrow and depressed in section; towards the articular surfaces the bone becomes 
greatly thickened; there are three facets—one, looking almost directly forwards and 
semicircular in outline, for the pubis, a median one rectangular in outline and slightly 
concave forming the middle and greatest part of the acetabulum, and a posterior one 
looking backwards and outwards but only a little upwards, for the ilium, which slopes 
backwards much more than in Murenosaurus; the surfaces for the pubis and ilium 
are roughened for cartilage, the acetabular surface is smooth. 

The élium (il.) is a stout slightly curved rod of bone. Its lower end is greatly 
thickened and bears a nearly flat oblique oval surface, the inner two-thirds of which 
unite with the iliac facet of the ischium; the remaining third, making a slight angle 
with the rest, forms the posterior wall of the acetabulum. This surface was covered 
with cartilage, which also extended up on to an angular projection marked c¢. in the 
figure (Pl. X. fig. 5 a). 

The middle part or shaft of the ilium is contracted and oval in section; it is curved, 
the concavity being anterior, and on the middle of its posterior border there is a small 
angular prominence probably for the attachment of muscles. The upper part of the 
bone is compressed and somewhat like the blade of an oar; the anterior border of this 
expanded region is thin and sharp, the posterior thick and rounded. ‘The inner face 
of the upper end of the ilium is flat and, except in very old individuals, shows little or 
no trace of any union with the sacral ribs, to which probably it was attached loosely by 
ligaments. 

In the pelvis, asa whole, it will be noted that the ilium is greatly inclined backwards, 
but this does not necessarily represent its exact inclination to the vertebral column, 
because probably the whole pelvis was inclined downwards and forwards, The pubes 
and ischia of opposite sides do not make a distinct angle with one another, their 
median portions being almost on the same plane, and the visceral surface of the ventral 
portion of the pelvis is only slightly concave from side to side. From before backwards 
the line of the symphysis is convex on the visceral side, its highest point being only 
about 8°5 cm. below a straight line joining the middle points of the acetabular cavities. 

2B 
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The pelvis of a young individual (R. 2417) is shown in text-fig. 92. None of the bones 
are completely ossified, but the immaturity of the pubis is most striking, there 
being no trace of the antero-external angle or of the articular surfaces; these must 
have been still cartilaginous. The ilium is less expanded at the ends, while the 
ischium, though resembling that of the adult more than is the case with the other 
elements, has its articular surfaces rounded and not sharply defined. 

Hind Limb.—The femur (text-figs, 91 B, 93, fem.) is not greatly expanded at its 
distal end like the humerus. Its proximal end in fully ossified specimens bears a 
convex head, oval in outline, the surface of which is roughened and was covered with 
cartilage. The trochanter is large and prominent; its cartilage-covered upper end is 
continuous with that of the head; anteriorly and posteriorly it is marked off from the 


Text-fig. 92. 





Immature pelvis of Cryptocleidus owoniensis, from above. (R. 2417, 4 nat. size.) 


acet., acetabulum; i., ilium ; ésc., ischium ; o8t,f., obturator foramen ; pu., pubis. 


upper part of the shaft by longitudinal grooves, of which the posterior is the more 
strongly marked; its outer surface is raised into ridges and roughened for muscle- 
attachment. ‘The shaft is oval in section and bears on its ventral face and posterior 
border strong rugosities for muscle-attachment. The distal end, as already noted, is 
much less expanded than is the case with the humerus; it articulates only with the 
tibia and fibula, the facet for the first being slightly concave, that for the latter nearly 
flat. 

The trdia (text-figs. 91 B, 93, ¢.) has a slightly convex femoral border; its preaxial 
edge is also convex; its inner (postaxial) border for union with the fibula is sometimes 
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notched. Distally it bears a long facet for the tibiale and a shorter one, making an 
angle of about 130° with the last, for the anterior part of the intermedium. The 
fibula (text-figs. 91 B, 93, 7.) has a long straight femoral edge, short and somewhat 
convex preaxial and postaxial borders, and distally two subequal facets for the inter- 


Text-fig. 93. 





Left hind paddle of Cryptoclecdus oxoniensis: A, upper surface ; B, proximal end of femur. 
(R. 37083, 7 nat. size.) 
f., fibula ; fem., femur; jid., fibulare; 4., head of femur ; int., intermedium ; ¢., tibia ; ¢tb., tibiale ; 
tr., trochanter ; I.—-V., the five digits. 


medium and fibulare, making an angle of about 120° with one another. ‘The former 


of these facets is slightly concave. The ¢idiale (tib.) articulates proximally solely with 
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Semi-diagrammatic restoration of the skeleton of Cryptocleidus oxoniensis. 
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the tibia; distally it carries the first distal carpal and has a short surface for the 
preaxial part of the second. In some specimens (see text-fig. 91, B) there is a small 
accessory ossicle (@.0.) articulating with the preaxial border of the tibiale near its 
proximal end. The presence of this accessory ossicle may indicate that although the hind 
paddle is little expanded in comparison with the fore paddle, there is nevertheless a 
tendency towards such an enlargement. ‘The intermedium (int.) has a short facet for 
the tibia and a longer one for the fibula, with which also the fibulare (/7d.) articulates ; 
the postaxial border of the last-mentioned bone is thin and convex. Of the three 
distal carpals, the first articulates with the tibiale alone, the second with the tibiale and 
intermedium, the third with the intermedium and fibulare, while its postaxial border 
is in contact with the fifth metatarsal, which, as usual, articulates directly with the 
fibulare. All the metatarsals are flattened, and the same is the case in a decreasing 
degree with the first two or three rows of phalanges. The more distal phalanges are 
more cylindrical and constricted in the middle till near the ends of the digits, where 
they become more flattened again; the terminal phalanges are mere nodules of bone. 
The articular surfaces of the phalanges are somewhat convex ahd the articulations 
between the successive phalanges of one digit usually alternate more or less regularly 
with those of the adjacent digits. In one nearly complete hind paddle (R. 3703, 
text-fig. 93) the numbers of the phalanges in the digits from the first to the fifth 
ate@vo, 0, Las Lo, 12: 

A semi-diagrammatic restoration of the complete skeleton of Cryptocleidus oxoniensis 
is given in text-fig. 94. This drawing is made almost entirely from the skeleton of the 
adult (R. 2860) mounted in the Gallery of Fossil Reptiles, British Museum (see 
Frontispiece), and used as a basis for the description of the skeleton given above. 
‘The chief points of difference from Murenosaurus shown in this diagram are the 
relatively larger head, shorter neck, and more expanded fore paddles ; the important 
differences in the shoulder-girdle and pelvis cannot be shown in a side view. 


R. 2860 (Leeds Coll. 14). An almost complete skeleton of a nearly adult individual (Frontispiece). 
The skull is broken and incomplete, the parts preserved being :—basioccipital (Pl. LX. 
figs. 1, 1a), exoccipital, opisthotic (Pl. IX. figs. 1, 1 a), supraoccipital (Pl. IX. figs. 1, 1a), 
basisphenoid (PI. 1X. fig. 2), parietals, frontals, quadrate and squamosal (PI. IX. fig. 3), 
premaxille (part), portions of pterygoids. The mandible is nearly complete. The 
vertebral column consists of the atlas and axis (text-fig. 78, C & D) and thirty other 
cervicals, two or three pectorals, twenty-one or twenty-two dorsals, three or four sacrals 
and twenty-two caudals, the distal portion of the tail being wanting ; most of the vertebrze 
have their arches and ribs preserved: in the cervical and caudal regions the ribs in 
most cases have not yet fused with the centra. There are (as mounted) six rows of ab- 
dominal ribs, each consisting of a median element and three lateral pairs. The shoulder- 
girdle is complete ; the fore paddles (text-fig. 91, A) want some of the phalanges ; the 
pelvis is complete ; the hind paddles (text-fig. 91, B) want the proximal end of the right 
femur, some tarsals,and phalanges. This specimen, which is mounted in the Gallery of 
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Fossil Reptiles, is probably the most nearly complete skeleton of an Elasmosaurian 
Plesiosaur known : the description of the skeleton given above and the restoration in 
text-figure 94 are founded mainly on it. 

The dimensions (in centimetres) of this specimen are :— 


Total length of the skeleton as mounted . . about (11ft.) 335-0 
Skull (Pl. IX. figs. 1-3): 


Length of basioccipital . . . oh uke as 35 
Width of basioccipital at eeeed PLOCSESES ce = eae ae 4:6 
Transverse diameter of occipital condyle .. . 3 2-4 
Height from bottom of basioccipital to vertex of skull ete tows 
Length of paroccipital processes . . . . . (approx.) 2°6 
Width of articular surface of quadrate . . ..... 31 


Atlas and Fourth Tenth Fourteenth Twenticth Twenty-fifth Thirtieth First Fifth Tenth Fifteenth First First Twelfth 


Vertebree ...... aR a). cervical. cervical, cervical. cervical, cervical. cervical. pectoral. dorsal. dorsal. dorsal. sacral, caudal. caudal, 


Length of centrum 
in mid - ventral 


line Tip. eee 42 2:3 2°7 32 33 3-4 35 3°5 40 4:2 42 41 33 3:0 
Width of eeuerige 

end of centrum. 2°8 2°8 34 39 45 5:0 on ea ar lh “see en's ONL aaah 
Height of posterior 

end of centrum, 2°1 22 26 3:2 3°6 40 ae wee Fe me SOL 205 ae 37 
Height to top of 

neural spine . 51 671 76 8:9 10:3 11:0 ce vse LOD Te, 4:8) E19 Se 2 eo 


Owing to the mounting of this skeleton, complete measurements of the vertebre 
cannot be taken. 


Shoulder-girdle : 


Greatest length of combined scapula and coracoid . . . . 52:1 
a ” pCapUla oa eee 25-0 
ha COTACOIC Gee seep cane Nae ) 39°0 

Width of united coracoids at posterior angle of glenoid 

cavities . . . 4 349 

Width between outer cone of the soraretiannal arelee of 

coracoids. . . . a Pak REN ee ae Oe ae eke Mes eee 

Width of united Socio SA at narrowest point . . . . . 267 

Length of clavicle (median border). . . . CA Boa ek D 

Width of clavicle (median border to outer ane Joy re MU 

Fore limb: 
Humerus: Jength i. pa) <> teen et eee eS) 
diameter of/head ©. 7."seae. aes ts ce ee 
greatest width of upperend . .... . . 109 
width of shaft at narrowest . . ..... «70 


width of distalexpansion . . . . . .. . 21:4 
Radius: length of preaxial border . . . . . . . . . 105 


width of surface for humerus. . . .. . . . 109 
Ulna: greatest length = 5.) Me ty) fe.) ack. 4) cl weeeown 
“ width yee Rs: 
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Pelvis : 

cine lenis Bn ehie sy Fate oalat calm | oe oc! Sw L972 
greatest width at upperend .-. ..... . 73 
‘a _ lowerend mam ur. ck eee ee OO 
bupia-;; oroatest:leneilied (0 90 ae Je a. oh sa es ee ee Oe 

ro width (from antero-external angle to sym- 
DDYSIAWerder ied aa yee oe ek OUO 
widhmof articular head yeh a) Gaba sos =) es 100 

width between the antero-external angles of the two 
UDC NM a re Geet Regen atte OL  . DOTe 
Tachinin, ereatest Width) on) Rene ww be os ws a a LS 
Width OLarticwian beade | venue. ew wae a O'S 
length of expanded purtion . . . . . . . . 184 
LC UHLOD DOGIre Nia wets dice. gio Gg) se hc. yee Ore 

Hind limb: 

Penguin enpiiee Peres auiciual ls xa toss, ete 20 
diaineter of head... VEE ee eae emcee 
greatest width of upperend. . . ..... 95 
width of shaft at narrowest . . . . ... . 58 
width of distalexpansion ©. (f) %..0 3 's-.9. 160 
Dibra ereatont leoctn GS. snks eae sf eae wes oe ale OF 
os Wi Cte ew, a cans ee me ecw Ae Wl rh shal O30) 
Pibuisarerestestilonptie “aii. M .p°s ta we ee ee OTE 
os IGG Parga T a eo are, caer 7°O 


R. 2862 (Leeds Coll. 27). Imperfect skeleton of a large adult individual. The parts preserved are:— 
basioccipital, part of basisphenoid, atlas, axis and twenty-eight other cervical vertebrz, 
about twenty-three pectorals and dorsals and thirty sacrals and caudals ; scapulz, 
coracoids, clavicles, fore paddles wanting only a carpal and some distal phalanges, portions 
of ilia, ischia and pubes, hind paddles wanting some distal phalanges, ventral ribs (text- 
fig. 86) embedded in matrix and showing their relations to one another and to the pelvis. 
In a short interval between the ventral ribs and the pubes there is a peculiar wrinkled 
surface which may represent a portion of the abdominal wall. 

This skeleton is that of a large and old individual, in which ossification is very far 
advanced, This is shown by the fact that all the neural arches, and, in the cervical and 
caudal regions, the ribs, are fused with the centra. The ossification of the limb-bones 
also is very far advanced, the heads of the humeri and femora being strongly convex, 
while the upper end of the tuberosity in the humerus and of the trochanter in the 
femur are much more clearly defined than in most specimens. In the shoulder-girdle 
all the sutures between the coracoids and scapulz are obliterated, and the clavicles, 
which are very closely adherent to the visceral face of the scapulee, are fused with one 
another in the middle line. 

The specimen is also interesting as showing the exact arrangement of the elements of 
the ventral buckler (text-fig. 86). The general relations of the posterior rows cf ventral 
ribs to the pelvis can also be made out, though some displacement may have taken place 
in the course of the flattening out that the carcass has undergone. In the present 
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condition it appears that the posterior row of ventral ribs lay below the anterior portion 
of the pubes. It seems probable that in life they were just in front of them, and that 
the plastron with the shoulder-girdle and pelvis formed a complete bony armour on the 
ventral surface of the body. The formand arrangement of the ventral ribs with regard 
to one another in this specimen have been described above. In the fore paddles the 
ulnze are very wide, and the postaxial portion of that on the left side, which is bent a 
little downwards, seems to be on the point of separating off from the main body as an 
accessory ossicle, traces of the line of division being clearly visible. On the right side 
this part of the bone is already separate, though it remains in very close contact with 
the remainder. Of course, these separate, or imperfectly separate, portions of the ulnz 
may be interpreted also as accessory ossicles on the way to fusion with the main bone. 
The dimensions (in centimetres) of this specimen are :— 


Basioccipital: length . . . . (approx.)  3°8 


width at pterygoid processes. . . . . . . Ov4 


transverse diameter of condyle . . . .. . 26 
Atlas and Sixth 
SVierbebraa | Rav scsase-ccewmseasinaeaecce rey cena 
Length of centrum in mid-ventral line . . . 65:0 3'2 
Width of posterior end of centrum. . . . . 3d4 4:0) 
Height 5 ey a Ye ee SRE? o1+ 


The remainder of the cervicals and the other vertebree are too much crushed to 
supply measurements of any value. 


Humerus: length ot wi ie eee 341 
long diameter ofyhead. < c¢ 5. fs lar yet) een teed 

short > - CNA Stier. 69 

greatest width at upperend . ..... . . 12:8 

width of-shaft at narrowest point . . ... . 76 

width of distalexpansion . . ..... =. . 248 

Radius: length of preaxial border. -. . .-. . . .-. « 183 
Me humeral* border ys ie-eismes meee ere moses 

Ulna: length>. “227 an 7:2 


width with postaxial portion . ...... .. 183 
» without postaxial portion . . .. ..4. . 12:0 
The pelvic bones are too imperfect to be measured. 


Femur : length ree rat oe ek ye «2 OLS 
diameter of head (exaggerated by crushing). . . . 95 


greatest width at upperend. ...... ... 102 


width of shaft at narrowest. . . . ... =... «683 
phe distal expansion. (seayae ie. ec las edo 
Tibia? greatest tength tee. se tate Wem es ee Ld 
-. Widths 4 ee oe eer ink ee et ee ee 


Fibula: greatest length? iw. 2 4 ee a Oe 
a P WILUIE SS cae pre ete St hoy Saree 

Length in mid-ventral line of plastron so far as preserved. . . 245 
Width (exaggerated by crushing) . . . ...... =. . 780 
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R. 3730 (Leeds Coll. 144). Imperfect skeleton, including skull (imperfect posteriorly, Pl. LX. fig. 7), 
atlas, axis and fifteen other cervical vertebra, the centra of the posterior caudal vertebre 
still united with one another ; six ribs (cervical, dorsal, and sacral), left clavicle, radius, 
ulna, and the greater part of one fore paddle, together with a number of odd bones of 
the other ; distal halves of both femora, tibiz, fibula, and the greater part of the other 
bones of both hind paddles. 

The skull (PI. IX. fig. 7) is very much broken and is incomplete posteriorly ; the 
upper and lower jaws are crushed together and it can be seen that the long sharp teeth 
of the upper and lower series alternated throughout: there are about 24-25 lower 
teeth on each side. In the cervical region the sutures between the centra and the neural 
arches and ribs are stillopen. The terminal caudals do not seem to have borne ribs, but 
the neural arches and chevrons were present on all but the last, or perhaps two last 
vertebrae, although in this specimen they are for the most part represented only by the 
facets for their attachment. 

The skull is too much crushed to give any reliable measurements. 

The dimensions (in centimetres) of other parts of this specimen are :— 


Atlas and Anterior Middle 


Wertebribercceecascniccetieessp casactvssvesses 5 : : 
rtebrae......++... axis, cervicals, cervical, 


Length of centrum in mid-ventral line . . . . 4:2 26app. 35 3°5 app. 
Width of posterior face of centrum. . . . . . 30 3'1 4°5 53 
Height of posterior face of centrum . ... . dy 2°3 55 4-1 app. 


The length of the united centra of the ten posterior caudal 


Gt Gr Stn me Ee gs oe Pa lee age Bae fe) ot LAD 
Clayicle=:longth of outer border= . . . ... s . « «. « 2l3 
»  8ymphysial border. . . .. . . (app.) 13-1 

Radius: length of preaxial border. . ...... =.=. él 
i humeralibordersus eae lene a. Lose 

Hemurs width of distal expansion. . « ». .. . =. . » 20:1 
aCe OLN Gein! om FO Wace ets, a er, OD 
Ce) Sr CEE Se Aig AE em 
Bibi ObGtieee a eee whe ics O sale Me aA ve 2 DE 
Wid DE Mig R aE cars: tls hc ianke ne SOO 


R. 2412 (Leeds Coll. 31). A great part of the skeleton of a large adult individual. The parts 
preserved are :—eighteen cervical vertebra, mostly with fused arches and ribs (text- 
figs. 79, 80), two pectorals, a dorsal, two sacrals (text-fig. 83), and twenty-two caudals 
(text-fig. 84); ribs, abdominal ribs; shoulder-girdle somewhat imperfect, especially 
posteriorly, and with only portions of the clavicles preserved ; right fore paddle (text- 
fig. 90, C), left ulna, incomplete pelvis wanting one ilium, hind paddles wanting some 
tarsals and phalanges. This specimen is the type upon which Professor Seeley founded 
the species Cryptocleidus platymerus : he figured the shoulder-girdle, clavicles, and fore 
paddle in Proc. Roy. Soe. vol. li. (1892) pp. 145-148, text-figs. 13-15, the genus (or, as 
Professor Seeley in some places calls it, subgenus) Cryptocleidus being founded for its 
reception. The shoulder-girdle differs from those of R. 2616 and R. 2860 in being a 
little narrower and more lightly built, although the size and degree of ossification of the 


2 


194 MARINE REPTILES OF THE OXFORD CLAY. 


humerus show that the animal was advanced in age ; the differences, however, do not 
seem to be sufficiently great to warrant separation as a distinct species. 
The dimensions (in centimetres) of this specimen are :— 





Anterior Posterior Pec- First Anterior Middle Posterior 
Vertebree......seesssees cervicals. cervicals, toral. dorsal, 5a¢rals. caudal. caudal. caudal, 
eae Sa ae ae NS Ree 
Length of centrum in mid- fig’. fis’. 


ventral lime: 2)... 9'4°2°8 3:0 93:5) 93°89 18'S 4a 7 Oo Geo aimee] ao Ome 
Width of posterior face of 

centrum 2 9 5 4s 63.358 142 67 Ge lei OOO Oe en mee cy me ar 
Height of posterior face of 


centrum... . . 252933 35 42 47 57 538 5555 495254 45 3:7 34 
Height to top of ee 
BPING 62. cls kg one ad EOE Ce Be Ee ay 


Distance between the outer ends of the sacral ribs 21°2 em. 


Shoulder-girdle (approximate only) : 
Scapula: greatest length 9 2° .9's <a, 3) Reena eG ere 
length of median border . . . . 19-0 
Coracoid: length from middle of glenoid avila to tip of 


postero-external process . . 354 
width of the united bones at the hindet re of the : 
glenoid cavity . .. . PR ete tot tee My See" be 
width of the combined bones at narrowest. . . . 30:3 
Humerus: Jength “i ¢° x 3) A aah ot ee 
width of head... .> 2. <) 6 Qe "sa a 
4 upper end with tuberosity. . . . . . 126 
5 shaft at narrowest . . .. . ... 48 
= distal expansion . “3 5 i, <0 ese 
Radius: length of preaxial border. . . . . .... . 145 
a humeral bordenssmeemee nee ae Tye? 
- ulnar border. . . . . . . (approx.) 45 
Ulnay length. 2S oie, ea ee ee 
Width 6 0% Voie be monet as eee ee ie WL fod 
Pelvis : 

Dium: Jensth a0. @. Ae ees Tae. Pea ws gist Stee es ee OS) 
width of upper 2 mse erg ise ial. Wo ABDProx, ) mend o 
Pa lower end (crushed) . . . . (approx.) 7:6 

Pubis: width from anterior angle of acetabulum to 
SYIUPHY Bis go te Laas et ee ee ee, eee ORs 
width of articular head. . . . ..... . . 125 
Ischium: width from acetabular surface to symphysis. . . 24:3 
width of neck. ante fo) ee ne 
Femur: length . . . . ake Parise 5 hisses: wage, Cy: 
greatest width of heal PEE + Jay ign hase aeRaITT) 
width of upper end with trochanter . . (approx.) 10:8 
ss shalt at narrowest. Si + i ee ee een 


9 distal expansion, . . . ... 4 : « « 207 
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Tibia > leongth of preaxial’ border, . 4. . . e FB 
- Lenora MpOrdoriae, lew is. Steere dl cee cr LOsS 

Bibuhies Creaineb Jeng tun™ ayes ss) gee wee obi a wee fee OFF 
OCH ee aes hed, aa CoM sl ate Cok DLth 


R. 2616 (Leeds Coll. 25*). Portions of a skeleton of a large adult individual. In this specimen the 
bones are quite uncrushed and not distorted : some are scored by deep scratches apparently 
made by the teeth of some predaceous reptile. The parts preserved are some cervical 
vertebrae, mostly with the neural arches, which are just becoming fused to the centra ; 
one sacral and eight caudal vertebrae, the neural arches in most cases missing, the 
suture having remained open; some cervical ribs which had not yet united with the 
centra, and a number of abdominal ribs of great size and massiveness ; nearly perfect 
shoulder-girdle and pelvis, and a few odd paddle-bones. The shoulder-girdle has been 
described and figured in Ann. Mag. Nat. Hist. [6] vol. xv. (1895) pp. 335-340, figs. 1, 
2; also figured on PI. X. figs. 1, la,16,1¢. The pelvis described and figured in 
the Geol. Mag. [4] vol. iii. (1896) pp. 145-148 ; also figured on Pl. X. figs. 3, 3a, 3 6. 


The dimensions (in centimetres) of some parts of this skeleton are :— 








Vertebr® eee eee Sacral, eat pore 
Length of centrum in mid- ,— “A ~ 
‘ventral line. . . Sat ty) @ Mitel ue! 37 3°8 35 
Width of posterior tnd of 
centrum... wos. 65 67 7°2 app. fa 65 
Height of posterior oe of 
Contre) ©): - £2 45 54 5°3 app. 53 50 
Height to top of deal 
pinereenee re eee Leo LS I6Uapp. 152 14:6 
Shoulder-girdle; greatest length . . . . . ... =. ~ 665 
Clavicle: length of anterior border. . . . ... . =. 180 
5s ayniphvsial borders (2s. a) ys cee ce ho 
Scapula: greatest length . . . . De oe oa 
length of median teal Hardae kee cm oe LES 
length in straight line from median border to top 
Cu doralTamUge sear hear eee amet soso 
length of glenoid surface. . . . . (approx.) 
fs surface for coracoid .... .. . 898 


antero-posterior diameter of coraco-scapular 
opening . . Cae eC ot eee eee ekg Le 
lateral diameter of coraco-scapular opening (approx.) 11:0 
Coracoidi;length. 2. . «i. ele Saee ere 40°. 
width of united acacs at posterior angle of 
BIGNGIGSrHVILyee ws ae heats oe ed. tpt en eed 





* The left scapula and clavicle were acquired by the Museum in 1892 and registered as R 1966, the 
remainder of the skeleton was received in 1895, 
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Coracoid : width of the united bones at narrowest . . . . 383°0 
width between the outer ends of the postero-lateral 


PrOcess@s: 5... sas) fees ee et oe 

Pelvis s greatest.length' ~ 5.5 2) 929 a) a ee ee 

width between the antero-external angles of the pubes. 66°6 

Dium s length», 455.0 = Sees 027 cine es 

width of upper-end’ +. (50.40 c-0 ot ree aoe eens 

3 jower end.’ “3.2 SAIS) 2 ee ne EO) 

Pubis: greatest length-. 30575. ee see ee 
» Width (from antero-external angle to sym- 

physial border): 2° "<0 9h) ee eae 

width of acetabular surface. . . . . (approx.) 87 

depth of acetabular surface . ‘ ow 


Ischium: greatest length of median expansion . . . . . 219 
width from acetabular surface to symphysis. . . 22°3 
width of articular: head;’ j59.) y=) ae eee 

6°7 


7 neck. ee ge Bra oh) he Se 
antero-posterior diameter of obturator foramen . 10:2 


R, 2417 (Leeds Coll. 36). A nearly complete skeleton of a very young individual. The parts 


preserved are :—skull (imperfect and much broken), the occipital portion and the 
basis cranii figured Pl. IX. figs. 4, 4a, 5; mandible (Pl. IX. fig. 6) which carried 
20-22 teeth on each side, atlas and axis (text-fig. 78, A, B), 30-31 other cervical 
vertebree, 2-3 pectorals, 21-22 dorsals, 3-4 sacrals, and about 21 caudals ; neural arches, 
cervical, dorsal, and caudal ribs, ventral ribs, chevrons; pectoral girdle and fore 
paddles (imperfect) (text-fig. 90, A), pelvis (text-fig. 92), and hind paddles (imperfect). 
This specimen was described and figured in the Geol, Mag. [4] vol. ii. p. 241, pl. ix. 
The ossification of the vertebral column is imperfect, the elements making up the 
atlas-axis complex being all free from one another, the neural arches nowhere fused 
with the centra, and all the cervical and caudal ribs free ; the cartilage-covered surfaces 
for union with the arches and cervical ribs are continuous with one another. The 
ossification of the posterior caudal vertebrae seems even less advanced than it is further 
forwards in the column. In the shoulder-girdle the ventral ramus of the scapula is 
little developed, and probably did not extend at all beneath the clavicle; in the fore 
paddles there is little indication of the great distal expansion of the humerus character- 
istic of the adult, but the radius is already large and generally similar in form to that 
of the adult. 
The dimensions (in centimetres) of this specimen are :— 
Total length of the skeleton as mounted . . (about 6 feet) 184-0 
Skull (Pl. IX. figs. 4, 4.a, 5): 
length from occipital condyle to tip of snout. . . . 193 
oy) p Ofc basioccipital ORs 7 sr ize ee. he! Betas pa aera 
width of basioccipital at pterygoid processes . . . . 3:0 
transyerse diameter of occipital condyle. . . . . . 19 
Mandible: Jeneth @-ae.e sas) bare ane oil su ens SBD DLOX, amas 
ay) MOL BYMIPHYSis'c. oe) «tes ee CAD PTO.) memes 
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Atlas and axis (text-fig. 78, A, B): 
length meee eter aires Gel Se a Ge See, BB 
width of posterior face of axis. =. 0.0. 5s os sw ee) 
height to top of neural spine of axis. . . . . . . . .) 38 


Fifth Tenth Twentieth Twenty-fifth Thirtieth Anterior Posterior Anterior Middle 


Vertebrav......... cervical. cervical, cervical, cervical. cervical. dorsal. dorsal. caudal. caudal. 
Length of centrum in 
mid-ventral line. . 1:6 Ley, 2-0 Zell all 2:4 2-4 1:9 16 
Width of posterior 
face of centrum. . 2:4 PAS 3°6 3°9 4-2 4-4 4°] 4-2 3-4 
Height of posterior 
face of centrum. . 1:7 2:0 25 3:0 (app.) 31 36 33 30 ah 


Height to top of 


neural spine . . . 4:2 4:8 6°1 76 74 76 66 6:2 4-2 
Width between the 

ends of the trans- 

verse processes . . Sie Ne a s Ty 8:3 6°8 


Shoulder-girdle : 
Clavicle: length of anterior border. . . . . . . . . 10°34 
symphyeial border’. si.) 4 2 ae 67 


” 


Deapuidcyprestesw longi s «, <9. ss ee we LO 
widitiobarticolar end... . 5 0. wi oe 3 ow 7 49 
Goraccid; greatest) lereth ts 3 ee ures TB 
width of each at hinder angle of glenoid cavity . 11:0 
Etemetuers eee ery he tet 2 pe Gs le ye TG 
greatest width at upperend . . ...... 59 
width of shaft (at narrowest). . . . . .. . 4:9 
% LoWerlen Umea) Sa ee cg ee ee ree LL 
eens lene ve men ee it yA Oe Te et. OS 
tel ae eeen MSP Moe eth los eae ge a oe 4 
Pelvis (text-fig. 92) : 

PRM MOUCL ee eed eter! 0) Be ns Pens 8 a, oe 103 
WiGthvOr UPPer’GNd. yi aaa 2) to eae wn dy es SO 
as NOONE i Bo G6 =o Sd soe 5 ey 
a distal end Eames eh Mee 7) 

ERDis ON PUDS Ae miReeE eee a vo 3) wea, 5 14°2 (apps) 
Width, Meer R ee wide eS eae te om Le do LO 
Ischium: width of articular head . . . «© « . . i. 465 
“ neck : 2°9 
3  symphysialexpansion. ....... 898 

OMT lone cure Perec eC eo ks, et) yak LSCO: (app.) 
width of upperend. . . . +6 
pa Sait (at-iarrowest):. class «fa el. 8 43 
lower end , 10°3 


29 


R. 2416 (Leeds Coll. 37). Portions of the skeleton of an immature individual in which ossification 
is very incomplete. The parts preserved are:—the centra of twenty-seven cervical 
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vertebrae, two pectorals, fourteen dorsals, and three caudals ; a few of the neural 
arches and cervical ribs, in all cases free from the centra; the scapule and coracoids 
(figured in Ann. Mag. Nat. Hist. [6] vol. xv. (1895) p. 341, fig. 3, B, with the clavicle 
restored, see also text-fig. 89, A), humeri, radii, ulnze (text-fig. 90, B), pubes, ischia, 
and left femur. 

The dimensions (in centimetres) of this specimen are :— 


Vertebrax Anterior Middle Posterior 








Sevcatieeees paticals: carvials: ca viEnla Pectoral. Dorsals. Caudal. 
Length in mid-ventral line. 18 19 23 24 2:6 27 32 34 3:3 2-4 
Width of posterior face of 
centrum. . . vost aee ts) Uc O messes 37 43 4:7 4°8 4:9 4:9 4:5 
Height of posterior oe of 
contriim <)>. sibs a.) ssa eee: 29 3:3 35 39 4:4 4:5 3°3 
Shoulder-girdle (text-fig. 89, A): 
Scapula: greatest Jength (72) .0 0 ease ie ee 
width of articular head” = 3) 7 0) 0. Ga ar eon 
53°.) eck: Ge er ee 4:3 


length in a straight line from dane median a to 
tip of dorsal ramus). Fo). ane eee 
Coracoid: length (from anterior internal angle to postero- 
external process) . . « s . «ee od OU 
width of each at level of posterior art of the ; 
gienoid cavity “20 “= se en sete ee ee 
width (at narrowest)... 302) 6s 0 ede eee 
Humerus (text-fig. 90 B): length . . . 2 = . . 5 3 . 225 
greatest width of upperend. . ...... ., V9 
width of shaft (at narrowest) |. yy. 5.) i. 
53 distaliend 3 =) ee op EE 
Radius (text-fig. 90, B): length of preaxial nent + fae, ee 
length of humeral border . . . . . . (approx.) 7°7 


Ulna (text=fig.90, B)2 length «9.26, sae ee 

width © ya" ee: eas SUP Soh 2a) ee ee ee OL 
Pelvis: 

Pubis's* greatest lenoth’. 2am.) sine skee sa eee eer Ore? 

- Width \s- eos sce, te ke) ne ter wee ene roam A) a 

Ischium);)swidth of articular head 2 ye en OD 

= TOC: Saran aks wate Pe TR. pM CR! we ws 


», from acetabular to EP surface . . 13:2 
» of median expansion . . Cee Wore rae elo 


R. 2431 (Leeds Coll. 38). Portions of the skeleton of a very young individual. The portions 
preserved include part of the parietals, centra of thirty-five dorsal and caudal 
vertebrae with a few detached arches, coracoids, right scapula, some bones of the fore 
paddles (including the characteristic radii), ilium, ischium, portions of pubes, femur. 
The ossification is very imperfect, the distal end of the humerus being no more expanded 
than that of the femur, from which it is distinguished with difficulty ; the centra of the 
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vertebrae are not yet united to the arches and caudal ribs, and in some cases are 
curiously compressed from above downwards, so as to be much wider in proportion to - 
their height than usual : this may be in part the result of crushing, but probably also is 
characteristic in some degree of the very young centra of the posterior dorsals and 
eaudals, 

Some dimensions (in centimetres) of this specimen are :— 


Coracoid: greatestlength. . . .. . é eo ote oe Lew 

width at posterior angle of ienoid rites ED ere ag hs: 

DcaDTia a prOnesnNCNOpiGe Riana) til we vo wy on ee OT 
length in straight line from median angle to tip of 

Sosa ranise aes a ee ee te cise eo LUO 

widitt of'articular head = . 4). 2... . . s 645 

MELUIGer ee Mem etH wm OR oe totic Me Yel ym. & a: em ce LOS 

Wc OM AUALbe area ae ee et ng iso” es * ana, C2) 

A CIAO ae ee ee phe tec oo ar a LOO 

Pura cuptimmecman emer: va ef iy Wie oo. ke ise OL 

With Qf upper end = 5.9. . . . -.. (approx.) 2°4 

#4 SAALbatas ee R NE Shy wh Ele tare: 4% so Feta HOLY 

SeelOWOL CDC g eer cas a xy a 6 elo ae 

Ischium: width from acetabular Eta tosymphysis . . . 97 

eS OUTICCK MERE RSan weet ec se GM k Vom "Ceussi bis) OO 

AOL MECIANAOxPANSION..) ©.) - 4) is ss) S'S 

PerOlvarticularsneadmecne om eta e 6m eee seen -() 

MD OMET MICO mare 8 Gli AasS, 68 aye pe ey oa. ope es LOO 

WACOM GASP re Mh shies yey ae 2a) ah mm at tee YAO 


toy GLE RO My See? ee ronan 


R. 2420 (Leeds Coll. 43). Small set of bones belonging to an individual in which ossification was 
far advanced. The parts preserved are three anterior dorsal vertebre, two middle 
caudal centra, left humerus, left femur, some odd paddle-bones, and portions of ribs. 

The dimensions (in centimetres) of this specimen are :— 


Vierlebriosice-scsscecssanssanesssresenees Anterior dorsals. 
Length of centrum in mid-ventral lme . . . 3°8 4-2 Ai 
Width of posterior face of centrum . . . . 64 6:3 6:3 
Height of posterior face of centrum . . . . 53 55 56 
EE nmiorus cn mtlte teens Meant if earn a ein, nee ess Ne 
diameter of head. . . . ee Nera ix d 
greatest width of upper end with incerta pels" 
WICtH OC SHA" MweRG wt sels wie ea es ct a Gao 
PS distal egpsnsion wm. sith a ee 245 
VemUrae lOnghiy Mant evs we. pa re vs ki an be er Bey ee OOS 
diameter of head. . . . . ae ace Gee 
greatest width of head with Pahoa plete stant bat LOO 
Wicwrog Sigler wes ye cones use as rare Ne . OTF 


Ae distal expansiont.. .. sss see se, 1/8 
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R. 2418 (Leeds Coll. 40). Portion of the skeleton of a large adult individual. The parts preserved 
are two cervical vertebra, two pecterals, eighteen dorsals (text-figs. 81, 82), eleven 
sacrals and anterior caudals, some portions of dorsal and caudal ribs, the left ilium. 
In the vertebrae the neural arches are already fused to the centra, and the same is the 
case with most of the cervical and caudal ribs. The neural spines are much abraded. 
The ilium is imperfect at its upper end. 

The dimensions (in centimetres) of this specimen are :— 


Verte nnne ROMIEE Paarl, Apter Mila eel ste eae 
Length of centrum in 
mid-ventral line . . 4:0 4:8 4:8 5°3 4:9 4:7 4:2 42 OF 
Width of posterior face 
ofcentrum. . . . 65 57 6:2 6-4(app.) 6:3 6:9 70 67 690 
Height of posterior face 
ofcentrum. ... 52 58 5:3 6°2 5:7 55 52 53 47 
Width between the 
outer ends of the 
transverse processes . De a 14-0(app.) 15°3 a 10-7 
Ilium: length . . . are ahi ee ee) 


width of middle of shaft = Wee. Teepe See co 


R. 3538. A nearly complete and very slightly crushed shoulder-girdle of an adult individual. In 
this specimen there is a small interclavicle fitting in between the clavicles (text-fig. 88, 
A, B). The latter have the median border more elongated than usual and the 
posterior border is deeply concaye. Anteriorly the clavicles project considerably in 
advance of the ventral rami of the scapule: the roughened surface at their outer 
angles for union with a corresponding surface on the anterior border of the scapulee is 
well developed and fits closely against the opposing bone. The interclavicle is less 
regular in form than might be supposed from the figure ; the bifurcation at the upper 
end is asymmetrical, the left side being larger than the right ; the whole bone is curved 
somewhat with the concavity on the right side: these irregularities seem to result from 
the fact that the element is on the point of disappearing ; possibly it may have 
occurred with other shoulder-girdles of this species, haying escaped notice owing to 
its small size and irregular form. 

The dimensions (in centimetres) of this specimen are :— 


Shoulder-girdle: greatest length . . . . + hJ<e eee OD 
Clavicles: length of median (symphysial) periee fen te ee 

an anterior border .. . ; ae — TSAO 

», - posterior border (in arraitht line) Site dee te 

Interclavicle: length . . . . ow he ee, eed 


width at point of Scie Pe ey acy? yee) 

greatest width of anterior branch . . . .) 1% 

Scapula? greatest length @.o'ae.le. otal. tule: Ieee eS 
length jot median border 16. 0.t 50 7.) sel kene ee ee 


R. 2465. 


R. 3705. 


Caudal vertebree ............ i 2. 3s 4, 5: 6. {h 8. 
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Scapula: length in a straight line from median border to tip 
of dorsal ramus (exaggerated by crushing) . . 26:2 
} length of glenoid surface. i. 2 v ws. . s . 54 
pa Buriseo £OP COTACOICw tle) eyeisse ee CS 
antero - posterior diameter of coraco - scapular 


Ceorhae pe se ce 2 ale oy Cosey pee ae WS 
lateral diameter of coraco-scapular opening. . . 104 
Goracoid lpn etn we ee Me eee a) ae ates, i AZT: 


width of united coracoids at posterior angle of 
plenold: Gavibye %. 4 @ om su a. 2. = 4 0 40°0 
width of the united bones at narrowest. . . . 288 


Left scapula of a half-grown individual. Noticed in Ann, Mag. Nat. Hist. [6] vol. xv. 


(1895) p. 340. In this specimen the backward prolongation of the median ramus had 
not yet reached the anterior prolongation of the coracoid, and in the middle line there 
must have been a wide V-shaped opening between the two scapule, so that the clavicles 
were still extensively exposed on the ventral surface. 


A series of fourteen posterior caudal vertebrae of an adult individual. These specimens 


are shown in text-fig. 85. In the anterior vertebrze of the series the neural arch seems 
to have fused with the centrum, but although the caudal rib is firmly united, the suture 
does not seem to have been obliterated ; further back both arch and ribs are free. 
Both the anterior and posterior pairs of facets for the chevrons are well developed, but 
the latter are the larger ; they seem to continue to the extreme end of the tail, as also 
do the neural arches, while, on the other hand, probably the last four or five centra do 
not bear ribs. 

The dimensions (in centimetres) of this series of vertebrae, numbering them from 
before backwards, are :— 
lle oe 13 1s 


co 
at 
=) 


Length of centrum in mid- 
Petree eee ooo ee GO, 2) SO) 24 25 22) 20 Le Le 1h - 1°7 


Width of posterior face of 


centrum . 


ole §0)-4:°6 4°71) 410038 3°7 3:3 30 29 


Height of posterior face of 
centrum. . . 4a era ee oe meee ob so Ue 2°f) Joe QA wo | ge La 


arch 


Height to top of neural 


et eee ae (408 OO oe. br Ose cee So) 


The last two or three centra are fused together, so that satisfactory measurements of them 


cannot be made. The terminal centrum is wanting. 


R. 3703 (Leeds Coll. 174). Nearly complete left hind paddle (text-fig. 93). 


The dimensions (in centimetres) of this specimen are :— 


Votal lenetiy of paddie fy) go et a! oe 98°0 
Femur: length (aoe WEA Stay eee he 30°2 
width of headwesve fy ita=so4 > eran yy sel ees ad es OS 


e iu 4 asl ; 
7 o : : a ; 
” 7 oF yee ve 
_ ete ? Lo 
| K 4 <2? 
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‘Femur: greatest width of upper end with trochanter. . 

width of shaft (at narrowest) . . ..... 

: - sa, , distal expansion, 9< ahr oe Sr My pare 
Tibia: length. . . . sede S Wowercie Ue ee ee 

width $0 pis <a x Wis, Seas Atat un ie a ee 

Fibula: length . . . . . « «1 5 © « « « (approx.) 


’ width . . . . . . ° . . . = } . . . ° 
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[The asterisk denotes a figure on that page. | 





Baptanodon, 2, 3, 4, 9, 16, 31, 33, 35, 48. 
discus, 46. 





Cimoliosaurus durobrivensis, 127. 
eumerus, 164. 








eurymerus, 164, 165. 

plicatus, 120, 127. 

snowii, 92. 

Cryptocleidus, 164. 

oxoniensis, 164, 
skull, 165. 
basioccipital, 166. 
basisphenoid, 166. 
exoccipital-opisthotic, 166. 











supraoccipital, 166. 
parietal, 167. 
frontal, 167. 
squamosal, 167. 
quadrate, 167. 
premaxilla, 167. 
mandible, 167. 
teeth, 167, 168. 


vertebral column, 168, 169*, 170 *, 171%, 


Pigei3e. bias. 

ribs, 174. 
ventral buckler, 175 *. 
shoulder-girdle, 176 *, 179 *, 180 *. 
fore paddle, 181, 182 *, 184 *. 
pelvis, 183, 186 *. 
hind paddle, 184 *, 186, 187 *. 
restored skeleton, 188. 

platymerus, 164, 165. 











Dolichorhyncops, 113, 
ELASMOSAURID#, 77. 
Hatteria, 13, 16, 82. 


IcHTHYOPTERYGIA, 1. 
Ichthyosaurus, 9, 14 *. 
acutirostris, 24. 





extremus, 54. 





zetlandicus, 29. 





Leptocheirus, 2. 


Microdontosaurus, 2, 3. 
Mixosaurus, 1. 
cornalianus, 56, 





Murenosaurus, 4, 77. 
skull, 78, 85 *, 88 *. 
basioccipital, 78, 79 *, 80 *. 
basisphenoid, 79, 80*. 
parasphenoid, 80*, 31 
exoccipital, 80 *, 81, 83 *. 
opisthotic, 81, 83 *. 
prootic, 84. 
parietal, 84. 
frontal, 86. 
postfrontal, 86. 
postorbital, 87. 
squamosal, 86. 
jugal, 87. 
maxilla, 87. 
prefrontal, 87. 
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Murenosaurus (cont.). Ophthalmosgurus (cont.). 
premaxilla, 88. frontal, 26 *, 27. 
vomer, 88. postfrontal, 27 *. 
palatine, 89. prefrontal, 28. 
pterygoid, 89. pterygoid, 28, 29*. 
mandible, 89, 90 *. palatine, 29 *. 
yertebral column, 92 *, 94*, 95 *, 96 *, vomer, 30 *, 
98 *, 99 *, 100*, 101 *, 102 *, 103 *, sclerotic ring, 31. 
104 *, mandible, 31, 32 *, 33 *, 34 *, 35 *, 
ribs, 105, 106*. dentition, 36. 
shoulder-girdle, 106, 108 *, 109 *. hyoid arch, 36. 
fore paddle, 111, 112*. vertebral column, 36, 37*, 39 *, 40*, 
pelvic girdle, 115, 116 *, 41*, 42 *, 48 *, 44*, 45 *, 
hind paddle, 112 *, 117. ribs, 45 *, 
restored skeleton, 118 *, shoulder-girdle, 46, 47*, 48*, 50*, 
beloclis, 140, 144. 51*, 
durobrivensis, 127. fore paddle, 49, 52 *, 55 *. 
— leedsi, 120. pelvic girdle, 56, 57 *, 58 *, 59 *, 
platyclis, 134. hind paddle, 58, 60 *. 
—— plicatus, 120, 127. restored skeleton, 62 *. 





icenicus, 61. 
Nothosaurus, 107. 














shoulder-girdle, 108 *. Pantosaurus, 4. 
pelvic girdle, 114 *. Picrocleidus, 139. 
beloclis, 140. 

OPHLTHALMOSAURIDA, 2. skull, 141. 
Ophthalmosaurus, 2. basioccipital, 141. 

skull, 4-35 *. quadrate, 141. 

basioccipital, 5 *. vertebrae, 141. 

exoccipital, 6, 7 *. shoulder-girdle, 140 *, 142. 

supraoccipital, 7 *. fore paddle, 143. 

prootic, 9, 10*. femur, 144. 

opisthotic, 9, 10 *. sp., 146. 

stapes, 10*, 11. PLESIOSAUBIA, 77. 

basisphenoid, 12, 13 *, 14 *, 15 *. Plesiosaurus durobrivensis, 164, 

parasphenoid, 15 *, 16. eurymerus, 164, 

squamosal, 16, 17 * —— leedsi, 120. 

supratemporal, 18, —— oxoniensis, 164, 

quadrate, 18 *, —— plicatus, 120, 

quadrato-jugal, 19, 20 *. (?) rostratus, shoulder-girdle, 108 *, 

jugal, 20 *. Polycotylus, 91, 113. 

postorbital, 17 *, 21. 

lachrymal, 21 *, 22. Sauranodon, 2, 3. 

nasal, 22 *, SavRoPprEeryaia, 77. 

maxilla, 23 *, Shastasaurus alexandra, 47. 


premaxilla, 24. osmonti, 47. 
parietal, 24, 25 *, 26 *, Sphenodon, 156, 








Thaumatosaurus arcuatus, 107. 
Toretocnemus, 2. 
Tricleidus, 91, 113, 149. 
—— seeleyi, 149, 
skull, 149. 


basioccipital, 150, 151 *, 153 *. 


exoccipital, 150 *, 
opisthotic, 150 *, 
basisphenoid, 150, 151 *. 
parasphenoid, 151 *, 153 *, 
parietal, 152, 

frontal, 152, 

maxilla, 152. 

premaxilla, 152. 


INDEX. 


Tricleidus seeleyi (cont.), 
vomer, 152. 
pterygoid, 153 *, 154. 
palatine, 154. 
quadrate, 154, 155 *. 
squamosal, 155 *, 156, 
mandible, 156. 
teeth, 156. 
vertebral column, 156. 
shoulder-girdle, 157, 158 *, 
fore paddle, 160 *, 
pubis, 161. 
hind paddle, 161. 

Trinacromerum, 91. 
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PLATE I. 


Fig. 
1. Ophthalmosaurus icenicus, Seeley; transverse section of root of tooth : 
magnified twelve diameters. [R. 3013. | 
2. Ditto; transverse section of crown of tooth: magnified twelve diameters. 
[R. 3013, | 
3. Ditto; transverse section across the base of the crown of tooth: magnified 
twelve diameters. [R. 3013. | 
4,5,6. Ditto; teeth: nat. size. [R. 3013. | 
7,8. Ditto; anterior ends of the rami of the mandible of a young individual 
with teeth cn situ: nat. size. [R. 2181. | 
9. Ditto; three sclerotic plates: one-half nat. size. [R. 2740. | 
10. Ditto; section across junction of two sclerotic plates showing the inter- 
locking suture: nat. size. [R. 2740. | 
11. Ditto; left quadrate, outer face : two-thirds nat. size. 
(‘Type specimen, R, 2133. | 
12. Ditto; left stapes, from front: two-thirds nat. size. 
{Type specimen, R, 2133. | 
13. Ditto; basioccipital, from above: two-thirds nat. size. 
{Type specimen, R. 2133. | 
14. Ditto; basioccipital, from behind: two-thirds nat. size. 
[Type specimen, R. 2133. | 
15. Ditto; left opisthotic from above : two-thirds nat. size. 
['l'ype specimen, R 2133. | 
art., articular surface of quadrate. pe. pulp-cavity of tooth. 


boc.f., facet for basioccipital. 


p-é.a., postero-external angle of quadrate. 


Page 


© 
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¢., cement. p.v.c., channel for posterior vertical semicircular 
cond., occipital condyle. canal. 

d., dentine. qf, facet for quadrate. 

é., enamel. qjf. facet for quadrato-jugal. 


exo.f., facet for exoccipital. 
h.c., channel for horizontal semicircular canal. 


r., ridge for muscle-attachment. 
s., suture between sclerotic plates. 


n.c., floor of neural canal. sq.f., facet for squamosal. 
op.f., facet for opisthotic. st.f., facet for stapes. 
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G.M. Woodward delet lith. West, Newman imp. 


OPHTHALMOSAURUS. 








Fig. 


1. Ophthalmosaurus icenicus, Seeley ; skull from above; the basioccipital is 
drawn from a second specimen: one-fourth nat. size. [R. 8702.] 4 © 


2, 2 a. Ditto; left prefrontal from above (2) and from below (2a): one-third i if 


nat. size. 
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3, 3a. Ditto; postorbital, from outer side (5) and from inner side (3a): one- 


third nat. size. 


4, Ditto ; left fore paddle from above: one-fourth nat. size. [R. 3702. ] 49 AN 


‘These specimens were received after the descriptions were written, and therefore 
are not specially referred to in the text. 


art., articular bone. 
b.oc., basioccipital. 
fr., frontal. 
h., humerus. 
int., intermedium. 
js, Jugal. 
js. Surface for jugal. 
1, lachrymal, 
l.s., surface for lachrymal. 
mv., maxilla. 
n., nasal, 
nar., external nares. 
n.s., surface overlapped by nasal. 


pmx., premaxille. 


- po.f.s., surface for postfrontal. ; 





[Leeds Coll.] 21 — 





p», pisiform, 
per., parietal. 
p.for., pineal foramen. 


po.f., postfrontal. 


prf., prefrontal. 
q+, quadrate. 
r., radius. 
rad., radiale. 
st., stapes. 
u., ulna, 
uln., ulnare. 
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G.M. Woodward del.et lith. 


West, Newman imp. 


OPHTHALMOSAURUS. 
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PUA THis 


1, la. Murenosaurus leedsi, Seeley ; basioccipital, exoccipital, and basi- 
sphenoid from below (1) and from side (1 a): half nat. size . . . 78- 


2, 2a. Ditto; anterior part of skull from below (2) and from above (2a): half Sa 
Mat. size. 4. ek ee ee 


| an 
3, 3a. Ditto; mandible from above (3) and from below (3 @): half nat. size . 89-92 





4, 4a. Ditto; tooth, nat. size (4), and portion of crown, five times nat. size(4a). 167 
5, 6. Ditto; teeth? natosize . . 75). p Neen eee 167 


All the specimens figured in this Plate are parts of the type skeleton, R, 2421, 


art., articular bone. oc.¢., occipital condyle. s > 
boc., basioccipital. pa., parietal, ae > 
bs., basisphenoid. pas., parasphenoid. oy 
dent., dentary. pinf., pineal foramen. 
ex0., exoccipital. pme., premaxilla. 
fr., frontal. opts, facets for pterygoids, 
me., maxilla. spl, splenial. 
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West, Newman imp 


A.H.Searle del.et lith. 


MURANOSAURUS LEEDSI. 











PLATE: IV. 
1. Murenosaurus leedsi, Seeley ; atlas and axis vertebre from left side: one- 
third nat. size : 


2, 2a. Ditto; anterior cervical vertebra from right side (2) and from behind (2 a): 
one-third nat. size . 


3, 3a. Ditto; middle cervical vertebra from right side (3) and from behind (3 a): 
one-third nat. size . 


4, 4a. Ditto; posterior cervical vertebra from right side (4) and from 
behind (4 a): one-third nat. size ee 


5, 5a. Ditto; anterior dorsal vertebra from right side (5) and from front (5 a): 
one-third nat. size . 


6, 6a. Ditto; anterior caudal vertebra from behind (6) and from below (6 @): 
one-third nat. size . | 


. Ditto; left fore paddle from above: one-fifth nat. size 
8, 8a. Ditto; left ilium from outer (8) and inner (8 a) sides: one-third nat. size. 
9. Ditto; left ischium, upper (visceral) surface: one-third nat. size 


10. Ditto; right hind paddle from above: one-fifth nat. size . 


All the specimens figured in this Plate are parts of the type specimen, R, 2421. 


acet., acetabular surface. is.f., facet for ischium. 
at., atlas vertebra. n.sp., neural spine. 
ax., axis vertebra. pu.f., facet for pubis. 
a.z., anterior zygapophyses. —p.2., posterior zygapophyses. 
ch., chevron. r., ribs (in fig. 7, radius). 
ch.f., facet for chevron. rad., radiale. 
c.7., caudal rib. r.f., facet for rib. 
cr.t., crista ili, - s.f., sacral facet. 
f., fibula. sym., symphysial surface of ischium. 
fem., femur. t., tibia. 
fib., fibulare. tib., tibiale. 
h., humerus. t.p., transverse process. 
il.f., facet for ilium. u., ulna. 
int., intermedium. uln., ulnare. 
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West, Newman imp 


A.H. Searle del.et lith. 


MURA NOSAURUS LEEDSI. 
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PEATE VY. 


Fig. Page 

1,1la,10. Murenosaurus durobrivensis, Lydekker ; centrum of anterior 

cervical vertebra from behind (1), from right side (1a), from 
below’ (10) ssone-third "Watesize 36) eee, 8 eee 

2, 2a, 26. Ditto; centrum of middle cervical vertebra from behind (2), from 
left side (2 a), from below (26): one-third nat. size . . . . 129 

3, 3a, 3b. Ditto; centrum of posterior cervical vertebra from behind (3), 
from left side (3 a), from below (36): one-third nat. size . . 129 
4. Ditto; pectoral vertebra from right side: one-third nat. size. . 129 
5. Ditto; centrum of dorsal vertebra from end: one-third nat. size . 129 

6, 6a, 6b. Ditto; centrum of anterior caudal vertebra from behind (6), from 
left side (6 a), from below (6 0): one-third nat. size . . . . 129 

7, 7a. Ditto; centrum of posterior caudal vertebra from behind (7), 
from below (7 @): one-third nat. size . . > 9. 9. = pee 

8, 8a, 8b. Ditto; right ilium, inner face (8), outer face (8 a), acetabular end 
(8 5): one-third nat. size 130 

9, 9a. Ditto; right ischium, inner (visceral) face(9), acetabular end (9 a): 
one-third nat. size 130 
10. Ditto; ventral face of interclavicle: one-third nat. size. . . . 1al 

11, lla, 11%. Ditto; right humerus, ventral side (11), dorsal side (11a), proximal 
end (11 5): one-fifth natosize 2. = =) 2 392 e 


12,124,126. Ditto; right femur, tibia, and fibula, vential side (12), dorsal 
side (12 a), proximal end of femur (12 6): one-fifth nat. size . 130 


All the specimens figured in this Plate, with the exception of the interclavicle 
(fig. 10), are parts of the type skeleton, R. 2428, ‘The interclavicle (fig. 10) is from 


R. 2863. 


acet., acetabular surface of ilium and ischium, 
a.f., facet for pedicle of neural arch. 
a.m., anterior notch of interclayicle. 
c., cartilage-covered crest of acetabular end of 
ilium. 
c.f., facet for chevron-bone, 
cri., crista ilii, 
f., fibula. 
h., head of humerus and femur. 
il.f., facet for ilium, 
is.f., facet for ischium, 
l.p., tuberosity of humerus, 





m.r., ridges for muscle-attachment on the ventral 
faces of the humerus and femur. 
p.., posterior notch of interclavicle. 
pu.f., facet for pubis. 
ra.f., facet for radius. 
rf., facet for rib. 
sf., surface to which outer ends of sacral ribs 
were probably united. 
sym., symphysial surface of ischium. 
t., tibia. 
t.p., transverse process. 
tr., trochanter of femur, 
uf., facet for ulna. 


a ge oe | oe i 
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fain) 


G.M. Woodward del. et lith. West, Newman imp. 


MURA NOSAURUS DUROBRIVENSIS. 








1. Murenosaurus platyclis, Seeley ; skull from above: one-third nat. 


size. 


bo 


nat. size. 


al 
Page 


[Type specimen, R. 2678,] 136 


. Ditto; mandible from above: one-third nat. size. 


(‘Type specimen, R. 2678.] 136 


3. Ditto; anterior portion of shoulder-girdle from above : one-fourth 


[Type specimen, R. 2678.] 136 


4, Ditto; posterior cervical vertebra from right side: one-third nat. 


size. 


[Type specimen, R, 2678] 135-6 


5, 5a,56. Ditto; anterior cervical vertebra from below (5), from left side 


(5a), and from front (5 6): one-third nat. size. 


[Type specimen, R. 2678.] 155-6 


6, 6a. Murenosaurus leedsi, Seeley ; interclavicle from below (6) and from 


above (6a): one-fourth nat. size. 


a.n., anterior notch ef interclavicle. 
a.z., anterior zygapophysis. 
boc., basioccipital. 
cl., clavicle. 
cor., coracoid. 
d., dentary bone. 
d.sc., dorsal ramus of scapula. 
f., frontal. 
gl., glenoid cavity. 
i.cl., interclayicle. 
i.s.f., interscapular fenestra. 
je, Jugal, 
mx., maxilla. 
nar,, external nares. 
n.sp., neural spine. 





[R.3704.] 126 


par., parietal. 
par.p., paroccipital process, 
pF, pineal foramen. 
pme., premaxilla. 
po.f., postfrontal. 
p.orb., postorbital. 
p-p-, posterior process of interclavicle. 
pr f., prefrontal. 
p.z., posterior zygapophyses. 
7., cervical rib. 
s.ang. § art., united surangular and articular. 
spl., splenial. 
sq., squamosal. 
sym., mandibular symphysis. 
v.sc., ventral ramus of scapula. 


CATAL. MARINE REPT OXFORD CLAY. PLATE VI. 





G.M.Woodward del. et lith. West, Newman imp. 


1-5, MURA NOSAURUS PLATYCLIS. 
6, if LEEDSI. 


* 











PLATE VII. 
Fig. : | Page 
1. Picrocleidus beloclis, Seeley, sp.; posterior portion of right ramus of = 
mandible: one-half nat. size. — [Type specimen, R, 1965.| 141 


2, 2a, 2b. Ditto; shoulder-girdle (2) and proximal portion of left fore paddle 
(26) from above: one-fourth nat. size; interclavicle (2a) from : 
below: one-half nat. size. [‘Type specimen, R, 1965.] 142 


Oo 


. Ditto; posterior cervical vertebrae from right side: one-half nat. size. 
[Type specimen, R, 1965.] 141 


4. Ditto; posterior cervical vertebra from front: one-half nat. size. 
[Type specimen, R. 1965.] 141 


5, 5a, 5b. Ditto; cervical vertebre from right side (5); front views of the 
vertebre: marked a and 6 (5a, 5 6): one-half nat. size. [R. 3698.] 141 


6, 6a. Ditto; caudal vertebre from right side (6) and from front (6a): 4 7 
141 : 





one-half nat. size. [R. 3698. | 
a, b, vertebre in figure 5 shown from front in i.cl., interclavicle. 
figs. 5 a, 5b. ; l.p., tuberosity of humerus. 

ang., angular bone. n.sp., neural spine. 

a.p., anterior process of cervical rib. p.2., posterior zygapophyses. 

a.z., anterior zygapophysis. r., cervical ribs ; in fig. 26, radius, 
c.f., facets for chevrons, r'., r°., ribs of atlas and axis respectively. 
cor., coracoids. rf., facets for ribs. 

d,, dentary bone. s.ang. § art., fused surangular and articular bones. — 

d.sc., dorsal ramus of scapula. u., ulna, 

gl., glenoid cavity. v.sc., Ventral ramus of scapula. 


h., head of humerus. 
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G.M.Woodward del.et lith. 
PICROCHMmIDUS “PELOCLILS. 





PATE SVILL: | 
Fig. Page 
1, la. Tricleidus seeleyi, Andrews; right half of the mandible, _ 
from outer side (1) and from inner side (1 a): one-half 
nat, size 5 “Sg 8 Re 


2. Ditto; lower:tooth* nati size, ss .ne se aaeiaeenn 


3. Ditto; clavicular arch, from above (the interclavicle has 
been broken longitudinally, but the crack is not drawn) : 
one-half nat. size. = 18 eS Se eee 


4,4a. Ditto; left femur and proximal part of paddle, from 
below (4) and showing upper end of femur (4@): one- 
third natasize ane ee . 2) 5 er 


5, 5a. Ditto; dorsal vertebra, from front (5) and from right side 
(6 a): one-third nat. s1z6 9a 5-5 02 ee 


6, 6a. Ditto; dorsal vertebra, from front (6) and from right side 
(6c): one-third nat. size [> >...) ee 


7, 7a. Ditto ; pectoral vertebra, from front (7) and from right side 
(7 a); one-third mat.size .” . 


8, 8a, 86, 8c, 8d. Ditto; series of cervical vertebre from right side (8), 
the vertebre marked a, b, c,d being shown from the 
front in figs. 8d, 8b, 8c, 8d: one-third nat. size. . . 156-7 


All the above figures are from the type specimen, R, 3539. 


a, b, ¢, d, in fig. 8 mark the vertebre figured from n.sp., neural spine. 
the front in figs. 8a, 8b, 8¢, 8d. r., cervical ribs. 
ang., angular bone. r., 7., ribs of atlas and axis respectively. 
at.a., neural arch of atlas. r.f., facet for rib. 
av.d., neural arch of axis. s.ang. § art., fused surangular and articular bones. : 
el., clavicles. spl., splenial. 
d., dentary bone. sym., symphysis of mandible. 
f., fibula. t., tibia. 
h., head of femur. tib., tibiale. 
i.cl., interclavicle. t.p., transverse process. 
int., intermedium. tr., trochanter of femur. 


m.r., ridges for the attachment of muscles, 
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PLATE IX. 


Fig Page 
1, la. Cryptocleidus oxoniensis, Phillips, sp.; occipital region of skull from 

front (1), from behind (1 @): two-thirds nat. size. [R. 2860.] 166 

2. Ditto; basis cranii from below: two-thirds nat. size. [R. 2860.] 166 


3. Ditto; right squamosal and quadrate: two-thirds nat. size. [R. 2860.] 167 


4, 4a. Ditto; occipital region of skull of a young individual, from front (4) 


and from behind (4 a): two-thirds nat. size.  [R. 2417.] 166 
5. Ditto; basis cranii of a young individual from below: two-thirds nat. 
size. [R. 2417.] 166 
6. Ditto; mandible from above : two-thirds nat. size. [R. 2417,] 167 
7. Ditto; crushed anterior portion of skull and mandible from below: 
two-thirds nat. size. [R. 3730,] 166-7 
a., ampulla of posterior vertical semicircular Lp., lateral process of parietal. 
canal. pal., palatine. 
art., articular surface for quadrate. pa., parietal. 
boc., basioccipital. par.p., paroccipital process. 
bsp., basisphenoid. pas., parasphenoid. 
bsp.f., facet for union with the basisphenoid. pt.p., pterygoid (lateral) processes of basioccipital. 
d., dentary bone. p.v.., channel for posterior vertical semicircular — 
ex.op., united exoccipital and opisthotic bones. canal. 
f., facet on hinder face of exoccipital, possibly q-, quadrate. 
for pro-atlas. ; soc., Supraoccipital. 
for., median opening in basisphenoid of young spl., splenial. 
individual. sq , zygomatic process of squamosal. 
h.c., channel for horizontal semicircular canal. sq.', parietal process of squamosal. 
i.c.f., internal carotid foramen. sym., symphysis of mandible. 





jug., jagular foramen. XII., foramen for twelfth nerve. — 
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CRYPTOCLEIDUS OXONIENSIS. 
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PLATE, X. 


Fig. 


1, la, 16, Le. Cryptocleidus oxoniensis, Phillips, sp. ; shoulder-girdle frommeabore 
(1), from front (1a), from left side (16), and showing sym-— 
physial surfaces (1¢): one-sixth nat. size. 


2, 24. Ditto; left clavicle from upper (visceral) side (2) and from ventral 
(scapular) side (2 @): one-sixth nat. size. 

3, 3a, 3b. Ditto; pelvis from above (3), from right side (3a), and showing er 
symphysial surfaces (3 0): one-sixth nat. size. 


acet., acetabulum. 
«.e.d., antero-external angle of pubis. 
c., ridge on ilium above acetabular surface. 
el., clavicle. 
cor., coricoid. 
cr.i., the crest of the ilium. 
d.sc., dorsal ramus of seapule. 
for., foramen between coracoids. 
gl, glenoid cavity. 













= 
“ime 


— [R. 2616] 176 


iJ 


| [R. 2616.] 178 


[R. 2616.] 183, 
. ge 
al., ilium. : 
isch., ischium. he 
obt.f., obturator foramen. —— 
p-¢.p., postero-external process of coracoid. — 
pu., pubis. ; 
se., scapula. 
s.sc., Surface on clavicle for union with s , 
sym., median symphysis between vario 
v.sc., Yentral ramus of scapula. 


a 


(_? 
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CRYPTOCLEIDUS OXONIENSIS. 
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